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CHAPTER ONE
MACROINVERTEBRATE RESOURCE CONSUMPTION IN THE
COLORADO RIVER BELOW GLEN CANYON DAM

Abstract

Physical and biological changes to rivers induced by large dams can sighifica
impact downstream communities, decreasing the biotic integrity of tivesg. The
completion of Glen Canyon Dam on the Colorado River in 1963 has altered the
downstream ecosystem and contributed to the decline of native fish populations in the
river. Macroinvertebrates are an important food resource for fish and detegrtiai
relative importance of basal resources to macroinvertebrate productionlpigjuiee
the development of a long-term lower trophic level monitoring program. Because
autochthonous production is high in the tailwater reach and tributary allochthonous
carbon inputs are substantial at downstream sites, | predict that macebraterdiets
will reflect longitudinal changes in resource availability. | also ptetiiat seasonal
changes in resource availability due to monsoon tributary flooding in the autumn and
lower light availability in the winter, will amplify the longitudinal chgmnin resource use
by macroinvertebrates. | examined the diets of the common macroinvessebrat
(Simulium arcticum, Gammarus lacustfi®tamopyrgus antipodarurand chironomids)
at six sites below Glen Canyon Dam during all seasons. Macroinvertdlatate

composition was compared to the composition of the epilithon (rock faces), epicremnon
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(cliff faces) communities, and the suspended organic seston. The relativieutmmtrof

autochthonous and allochthonous resources to macroinvertebrate production was
calculated at all six sites. In general, macroinvertebrate dietettalownstream changes
in resource availability in the river, and autochthonous resources were consumed i
greater proportions in the tailwaters while more allochthonous resourcesonstened
downstream. Also autochthonous resources contributed more to macroinvertebrate
production in the tailwaters and allochthonous resources contributed more downstream.
The extent of diet shifts depended on consumer identity and season. Betgaifcum
differed among all seasons, whereas the diets of other taxa only diffenegl tther
autumn and winter. Allochthonous resources were most important for all consumers
during the monsoon season (July-September), when tributaries can contributeasignif
amounts of organic matter to the mainstem. These data demonstrate that both
autochthonous and allochthonous resources support macroinvertebrate production in the
Grand Canyon; however, the contribution of allochthonous resources to
macroinvertebrate production increases at downstream sites.
Introduction

Large dams alter the physical habitat, temperature and flow regimesrsfand
have contributed significantly to the degradation of freshwater ecosystamasvide
(Baxter 1977, Ward and Stanford 1979, Petts 1984, Nilsson and Berggren 2000). The
physical changes induced by dams can significantly affect revéiodiversity and food
webs (Power et al. 1996), often reducing biodiversity of algae, macroinvestabcafish

communities (Allan and Flecker 1993). Dam-induced physical and chemicajeshan
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rivers are most drastic in the tailwaters where non-native taxa oftea (Btanford et al.

1996). Tributaries downstream of dams ameliorate the effects of dams on rivecalphys
and chemical properties (Ward and Stanford 1983); therefore, communities that are
downstream of tributaries may differ from tailwater communities 4dat al. 2008).

The Colorado River has been physically and biologically altered due to
construction of Glen Canyon Dam (Blinn and Cole 1991). Historically, the river had high
seasonal variability in temperature and discharge (Topping et al. 2003), tivassat
extremely sediment-laden (Wright et al. 2005), and sustained a highly enakeiae
fish community (Gloss and Coggins 2005) and diverse macroinvertebrate populations
(Musser 1959, Edmunds 1959, Haden et al. 2003, Hofnecht 1981, Oberlin et al. 1999).
Dam-associated alterations in the physical template and intentional andtioirete
introductions of non-native fishes and macroinvertebrates have signyiettetied food
web structure, and four of the eight species of fish native to Grand Canyon bave be
locally extirpated while one of the remaining species, humpback Gilebdypha) is
federally endangered (Minckley et. al 2003).

A variety of factors may limit populations of native fish in Grand Canyon
including habitat availability, competition with and predation by non-nativaeseand
food resource availability (Gloss and Coggins 2005). Macroinvertebrates are an
important food resource for fish throughout the lower Colorado River basin (Childs et al
1998, Zahn et al. unpublished data) and declines in native fish populations may be due to
food limitation (i.e. low macroinvertebrate production) at the base of the febd™o

successfully manage this highly modified ecosystem to support macroinvertefdat
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native fish populations, it is crucial to understand the food resources (allochthonous vs.

autochthonous) supporting the base of the food web and how energy flows through the
food web. An important first step in elucidating energy flow through the entire febd w
is to assess food resources consumed by macroinvertebrates.

Limited literature documents the pre-impoundment macroinvertebrate
communities of the Colorado River in Grand Canyon (Blinn and Cole 1991). Musser
(1959) surveyed macroinvertebrate species from the Colorado River in Glen Canyon and
reported 91 species from the following eight orders: Ephemeroptera, Odonata,
Hemiptera, Megaloptera, Trichoptera, Lepidoptera, Coleoptera, and Diptéraudth
collection methods are not clearly reported, the majority of species wlereted from
tributaries, and only 247 of the 2,315 individuals collected were from the mainstem
(Musser 1959). Edmunds (1959) reports six families and eight genera of mawfthes i
area of Glen Canyon Dam before impoundment. The macroinvertebrate faunaratCat
Canyon, an unregulated reach of the Colorado River immediately upriver of baled,P
is likely analogous to pre-impoundment Colorado River conditions because this reach is
geomorphically similar to Grand Canyon and has suspended sediment concentnations a
discharge regimes that closely match pre-impoundment conditions (Stardordead
1986, Haden et al. 2003). Forty-nine macroinvertebrate taxa were identified eeittis r
with most taxa from the orders, Ephemeroptera, Plecoptera, Trichoptera, and Dipter
(Haden et al. 2003).

Post-impoundment studies of macroinvertebrate communities in tributaries of the

Colorado River through Grand Canyon may also provide useful indicators of the
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mainstem pre-impoundment macroinvertebrate community (Hofnecht 1981, Oberlin et al

1999). Between 23-52 macroinvertebrate families have been reported in trifutarie
throughout the Grand Canyon (Hofnecht 1981, Oberlin et al. 1999), with representatives
of the order Trichoptera the most diverse, comprising nine families and twelva gene
(Oberlin et al. 1999). In addition, macroinvertebrates from six orders: Ephemaropter
Lepidoptera, Diptera, Megaloptera, Coleoptera, and Plecoptera, are presbatanes
(Oberlin et al. 1999).

Numerous pre-impoundment studies of the Green River, Utah, approximately 180
miles upstream from Glen Canyon Dam, may provide additional insight into titapre-
Colorado River Grand Canyon macroinvertebrate community assemblage (Vinson 2001).
Prior to the completion of the Flaming Gorge Dam in 1962, the Green River supported a
diverse macroinvertebrate community (Pearson et al. 1968, Vinson 2001) including
species within the orders: Nematoda, Oligochaeta, Hirudinea, Amphipoda, &tyaaac
Plecoptera, Ephemeroptera, Odonata, Hemiptera, Megaloptera, Trichoppédaplera,
Coleoptera, Diptera, and Gastropoda. Most of the taxa reported above werdegktirpa
after the completion of the Flaming Gorge Dam (Vinson 2001).

Today, the Colorado River below Glen Canyon Dam has a depauperate
macroinvertebrate community dominated by non-native species (Cross et akw).re
Plecoptera, Ephemeroptera, Odonata, Hemiptera, Trichoptera, Lepidoptera, and
Coleoptera are rare in the mainstem and restricted to areas closentmuths of
tributaries, suggesting that tributaries are the source for these indivipleissr{al

observation). The invasive New Zealand mud sRaitamopyrgus antipodarurand the



introduced amphipod;ammarus lacustrigjominate the biomass of the
macroinvertebrate community in the Glen Canyon tailwater reach (Stevah<s 997,

Cross et al. in press). In the downstream reaches (226 miles (363 kmysifidr the

first tributary enters the mainstem ca. 16 miles (25 km) downstreaneof@nyon

Dam), the community is dominated by a non-native, filter-feeding dipt&ramulium
arcticum,and various collecting-gathering Chironomidae (Stevens et al. 1997, Cross et
al. unpublished data). Other macroinvertebrates present throughout the sy&idm inc
Lumbricidae, Tubificidae, Physidae, Ostracoda, Hydracarina, Plaregradd Empididae
(Stevens et al. 1997, Cross et al. unpublished data).

Macroinvertebrates can be classified into functional feeding groups baskeeiio
mode of food acquisition (Cummins 1973, Cummins and Klug 1979). The dominant
macroinvertebrates in the Colorado River fall into four such groups: colleltéveifs
(Simulium arcticury collector-gatherers (Chironomidae), scrapBagmopyrgus
antipodarun), and shredder&s@mmarus lacustr)s Collector-filterers generally feed on
fine particulate organic matter (FPOM, particles <1mm) suspended watke column
(Wallace and Merritt 1980), and collector-gatherers feed on FPOM deposited on the
benthos (Cummins and Klug 1979). Scrapers are noted for grazing on periphyton or food
that is attached to a surface (Cummins and Klug 1979). Shredders feed on coarse
particulate organic matter (CPOM, particles >1mm), such as testdstves and
macrophytesGammarusare generally classified as shredders, but have also been
reported to feed on other macroinvertebrates and small fish, and therefaatsmbg

categorized in the functional feeding group, predators (Kelly et al. 2002, Mataeil
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1997). Although chironomids are most commonly classified as collector-gatherers

chironomid larvae ingest a wide variety of food items and may also be catdgasize
collector-filterers, collector-miners, shredders, scrapers, and predggrg 1995,
Henriques-Oliveira et al. 2003, Ferrington et al. 2008). Finally, simuliiddssé&kaown
to be capable of scraping surfaces with their mandibular teeth (Walladéeantd 1980,
Currie and Craig 1987).

Classifying macroinvertebrates into functional feeding groups is useful a
allows for classification based on how macroinvertebrates acquire their &mdaes,
rather than categorizing them exclusively based on diet (Cummins and Klug 1979,
Merritt et al.2008). Many macroinvertebrates are omnivorous and often oppactunist
therefore, species-specific diet shifts in a given system may be a&tritauseasonal
and/or spatial changes in organic matter availability. Also in alteréensgsvhere
marked changes in the physical and chemical characteristics redtdténl availability
of food resources, facultative (generalist) consumers may be bettdrtsuibaintain
healthy populations than obligate (specialist) consumers (Cummins and Klug 1979).
Classifying macroinvertebrates by functional feeding groups is usefptdédicting
general patterns in food resource use and community structure in streamezgesyst
However, in systems where food resources shift quickly and drasticallandigsis may
be a more sensitive metric indicating change.

Few studies have quantified the diets of the dominant macroinvertebrates in the
Grand-Canyon reaches of the Colorado River. Pinney (1991) reported the diets of

Gammarus lacustrig the tailwaters collected from March 1986 to January 1987. Diets



consisted, primarily, of diatoms (>93%), along with small amoun@®adophora
glomerata cyanobacteria, and red algae. Chironomid diets, examined in the tailwaters
and at multiple sites downstream, were comprised of greater than 60% algty (mos
diatoms) in the tailwaters, and only 31% algae (mostly diatoms) and 69%sletrit
bacteria and sand at downstream sites (Stevens et al. 1997).

It has been suggested that in this system allochthonous resources conttidute li
to macroinvertebrate production (Walters et al. 2000), presumably due to its liiy. qua
Stevens and others (1997) documented amorphous detritus likely of allochthonous origins
in the guts of macroinvertebrates, but Stevens and others (1997) did not determine the
relative contribution of allochthonous resources to macroinvertebrate production.
Allochthonous resources are a dominant food item for macroinvertebrates in many
systems (Hynes 1975, Vannote et al. 1980, Gregory et al. 1991, Polis et al. 1997, Wallace
et al. 1997, Hall et al. 2000, Hall et al. 2001, Rosi-Marshall and Wallace 2002) and
macroinvertebrate diets often shift to match changes in resource availdtoli-

Marshall and Wallace 2002). Allochthonous resources have the potential to be an
important, but unmeasured, resource supporting macroinvertebrate production in the
Colorado River system.

The relative importance af situalgal production in the tailwaters or
allochthonous inputs from tributaries in supporting macroinvertebrate productiamthas
been extensively studied, but hypotheses on the form of these relationships can be
formulated (Figure 1). The completion of the Glen Canyon Dam in 1963 substantially

reduced sediment loads in the river, increasing light levels and algal production in the
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tailwaters below the dam and downstream (Stevens et al. 1997). In addition, organic

matter inputs from upstream were reduced. Downstream tributarieasedrebidity

which reduces light levels and algal production (Yard 2003, Hall ehpublished data).

But tributaries are also a source of allochthonous organic matter into theemainst
Colorado River and can dominate downstream carbon budgets (Kennedy et al.
unpublished data) (Figure 1). Stable isotope food-web analysis by Angradi (1994)
indicates that aquatic secondary production in Glen Canyon (tailwaters)ad hyel
autochthonous carbon, but terrestrial riparian and upland vegetation may be important to
downstream food webs. Therefore, the organic matter budget in the river shifts
longitudinally from autochthonous to allochthonous resources (Kennedy et al.
unpublished data) and food resources consumed by macroinvertebrates may shift
accordingly. This has been demonstrated in other systems ranging from leeadavat

large rivers (Vannote et al. 1980, Tavares-Cromar and Williams 1996, Benke and
Wallace 1997, Hall et al. 2000, Hall et al. 2001, Rosi-Marshall and Wallace 2002, Cross
et al. 2007).

Seasonal changes in resource availability due to monsoon tributary flooding in the
autumn and lower light availability in the winter may amplify the longitudihange in
resource use by macroinvertebrates. For example, in the Little TenRégsee
macroinvertebrate diets reflected spatial and seasonal changesuirteesvailability
(Rosi-Marshall and Wallace 2002). In the Colorado River basin, the Arizona monsoon
season (July to September) brings high precipitation to the basin, and incribasasy tr

flooding and suspended sediment and allochthonous organic matter inputs to the
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mainstem (Kennedy et al. unpublished data). The high suspended sediment load reduces

light levels and primary production, and may amplify the relative importance of
allochthonous organic matter to macroinvertebrate consumers. Reliance on allochthonous
organic matter may continue during the winter months because of low lightoditgila

due to high canyon walls (specifically along east-west reaches avénge(iYard et al.

2005). A monsoon season shift in diets of macroinvertebrates dwelling in thedeslwa

of the dam should not occur because it is upstream of tributaries and has continuously
clear water. However, during winter months reduced light may reduce primary

production in both the tailwaters and downstream sites.

The objective of this study was to examine how the use of allochthonous and
autochthonous resources by resident macroinvertebrates changes seasdrsghtially
(with distance from the dam and in relation to tributaries). To address thisiajéc
examined the diets of the common macroinvertebrates at six sites below GjemCa
Dam during all seasons. To address the extent that macroinvertebrateftiiets
longitudinal and seasonal changesisitu resource availability, | examined resource
composition of the epilithon (rock faces), epicremnon (cliff faces) communitids, a
suspended organic seston and compared the composition of these resources to
macroinvertebrate diets.

| predict that macroinvertebrate diets change with distance from thamid&m
reflect a change in resource availability, specifically shiffrog reliance on
autochthonous production in tailwaters to an allochthonous resource base downstream

(Table 1). I also predict that magnitude of downstream shifts in resourcebdirgitand
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consumption will increase during the monsoon season (July to September) wherrthe rive

is turbid, and in the winter when there is low light. During these seasons, | phedict
macroinvertebrates will consume mainly allochthonous resources. Evaluating bot
downstream and seasonal shifts in macroinvertebrate diets will help to elub&late
relative role of allochthonous carbon in supporting the food webs of the Colorado River,

Grand Canyon.

Food web predictions

A\

Gammarus g;

Suspended

Sediment I F,’;\Iggl .

Inputs roauction

Autochthonous
production dominates

organic matter
budgets in tailwaters

Allochthonous
organic matter
dominates
downstream budgets

| Fil. Algae A.Detritus
) 4 *’ I
Al K Leall | ®

Figure 1. Effects of the dam and tributary inputs on organic matter budgets and potentia
influence on macroinvertebrate food web.
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Table 1. Site, season, and month of sample cadlecéind associated light condition, water condijtion
average monthly sediment concentration (mg/L), @medliction describing which resources
(autochthonous or allochthonous) will be predonghatonsumed by macroinvertebrates. L = low, M =
moderate, H = high, AUT = autochthonous, and ALL@llechthonous.

Average Monthly  Predictions for

Sediment macroinvertebrate
Site Concentration mg/ resource
(RM)  Season Month Light  Turbidity (SD) consumption
0 Summer June 2006 H L 0.1 (0.13) AUT
30 " " H M 127 (87) ALLO
62* " " H M 169 (115) ALLO
127* " " H M 169 (115) ALLO
165** H M 203 (180) ALLO
225 H M 203 (180) ALLO
0 Autumn  September 2006 M L 0.25 (0.26) AUT
30 " " M M 167 (245) ALLO
62* " " M H 1291 (1534) ALLO
127* M H 1291 (1534) ALLO
165** M H 1559 (1440) ALLO
225 " " M H 1559 (1440) ALLO
0 Winter January 2007 L L 1.18 (0.30) AUT
30 " " L M 154 (75) ALLO
62* L M 181 (91) ALLO
127* " ; L M 181 (91) ALLO
165** L M 229 (72) ALLO
225 L M 229 (72) ALLO
0 Spring April 2007 M L 0.85 (0.36) AUT
30 " " M M 59 (26) ALLO
62* " " M M 93 (33) ALLO
127* M M 93 (33) ALLO
165 M M 143 (82) ALLO
225 " ) M M 137 (114) ALLO

*Sediment concentration data was collected at RM*8Bediment concentration data was collected at
RM 225. Monthly sediment concentration data wasuwdated using Grand Canyon acoustic sediment
data from the following USGS stations: ColoradoeRiat river-mile 30, Colorado River near Grand
Canyon AZ (09402500), Colorado River above Natiddahyon near Supai AZ (09404120), Colorado
River above Diamond Creek near Peach Springs AZQ@200). RM 0 sediment concentrations were
estimated by calculating the ash-content dry massspended fine (seston) and coarse particulate
matter samples, collected monthly. Sediment comagan is the sum of silt/clay concentrations and
sand concentrations. The average monthly concentraias calculated using data collected at 15
minute intervals at each site. Water conditionsensassified as low turbidity if sediment
concentrations were less than 50 mg/L, moderakedity if sediment concentrations were greater than

50 mg/L, and high turbidity if sediment concentat were greater than 250 mg/L.
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Methods

Study sites and sampling protocol

This study was conducted in the Colorado River (CR) in Grand Canyon, Arizona
(36° 03'N, 112° 09' W). Six sites were sampled over a 226 mile (363 km) reach
downstream of Glen Canyon Dam (GCD) (Figure 2). The use of river miles is t
historical precedent for describing distance along the Colorado Riveaimd&anyon;
therefore, | report distances in miles, with kilometers in parentheses vi@ite selected
based on general canyon characteristics, the location of major tributary, ipgavalence
of humpback chub populations (RM 62 and 127), and based on their long-term use as
sediment and geomorphology monitoring sites (RM 30, 62 and 127). The first site, Lee’s
Ferry (RM 0) is located in Glen Canyon and encompasses a 15.7 mile (25 km) reach
extending from the downstream end of the Glen Canyon Dam to Lee’s Ferry. This
tailwater reach is above the confluence of the Paria River, and is comgilstenn
turbidity. The five downstream sites are located in the Grand Canyon, frobleMa
Canyon to Diamond Creek. The second site, RM 30, is located in the Marble Canyon
section (Redwall gorge reach) of the Grand Canyon, approximately 29 miles id@ammst
of the Paria River, the first major tributary below the dam. The third site6RNs
located in the beginning of the Central Grand Canyon section (Furnacedli} below
the Little Colorado River (LCR), the largest tributary. The fourth sit,1R7, is also
located in the Central Grand Canyon section (Middle granite gorge reac) el
number of smaller tributaries including Bright Angel, Shinumo and Fossil Crébks

fifth site, RM 165, is located in the Western Grand Canyon section (Lower caraghr) re
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below Tapeats, Kanab and Havasu Creeks. The final site, RM 225, is also In¢ha&ed i

Western Grand Canyon section (Lower granite gorge) and extends to DiameRkdaCre
small tributary). Sites, RM 30 and 62, are located in wider sections of thencand
sites, RM 127 and 165, are within the narrowest canyon sections (Stevens et al. 1997).
Mean site characteristics: dischargégt), catchment area (k&) depth (m), and
width (m), are presented in Table 2. Discharge increases from approyiB2@eiis™ at
RM 0 to 357 mis™ at RM 225. Catchment area increases from 289,56kRM 0 to
386,726 krhat RM 225. Thalweg depth ranges from 6.3 meters at RM 0 up to 7.8 meters
at RM 62. Width ranges from 60.8 meters at RM 127 up to 131.4 meters at RM 0. To
examine the extent of seasonal variability in resource availability@milimption, |
collected samples at each site and season during the following four month2006ne
(moderate turbidity and high light conditions), September 2006 (high turbidity and
moderate light conditions), January 2007 (moderate turbidity and low light conditions),
and April 2007 (moderate turbidity and moderate light conditions) (Table 1). Water
conditions were classified based on average monthly sediment concentratid)s¢mg/
each site and season, and light conditions were classified based on seasoealinhang
light conditions. Water conditions were classified as low turbidity if sediment
concentrations were less than 50 mg/L, moderate turbidity if sediment c@tioerstr
were greater than 50 mg/L, and high turbidity if sediment concentrations watergre

than 250 mg/L.
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Table 2. Mean site characteristics.
Annual Discharge Catchment arei  Depth  Width

Site m’/s (SD) (km?) (m) (m)
RM O 329.89(53.61) 289,560 6.3 131.4
RM 30 N/A N/A 6.3 77.1
RM 60 7.8 110.3

M 125 > 346.68 (51.45)* > 366,742* - .
RM 165 NA 383,139 6.2 74.4
RM 225 357.66 (48.90) 386,726 6.8 82.5

* Site is located at RM 88. Annual discharge andloaent area were
calculated using USGS Real-Time Water Data for éna& Annual
discharge is calculated from the monthly mean @ispes taken from
June 2006 to May 2007. Catchment area is taken fhe USGS
station closest to the sites listed above. Averadgéh and thalweg

depth were estimated at a discharge of 23%8.m

Resource and macroinvertebrate collection

Suspended fine particulate organic matter (seston) composition samples (two t
three per site and date) were collected from the thalweg at each sigving river water
through a 25Q@:m sieve and filtering ca. 40-300 ml onto 04%-gridded Metricel®
membrane filters (Pall Corp., Ann Arbor, MI). Epilithic biofilms wereagad from two
to three rocks collected from the river bed and from two to three clif§ faseng a
scraping sucking device. A 30-40 ml subsample of biofilm slurry from individual rocks
and cliffs was preserved in the field with Lugol’s solution (Prescott 1978)
Macroinvertebrates were haphazardly collected throughout the reachesinfsitess
preserved in Kahle’s solution (Stehr 1987) in the field, and returned to the lab for gut-

content analysis.
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Resource composition slide preparation

For epilithic and epicremnic biofilms, | filtered 0.1-5.0 ml subsamples from
preserved field collections onto gridded Metricel® membrane filters (250&um)
(Pall Corp., Ann Arbor, MI). Seston, epilithic and epicremnic filters wevamted on
slides for preservation using Type B immersion oil.
Macroinvertebrate slide preparation

Macroinvertebrate resource consumption was measured using gut-content
analysis (Benke and Wallace 1980, Rosi-Marshall and Wallace 2002, Hall et al. 2000). |
examined diets from each of the dominant t&ienlium arcticun{insecta: Diptera:
Simuliidae),Gammarus lacustriéCrustacea: Amphipoda: Gammaridae), chironomids
(Insecta: Diptera: Chironomidae), aRdtamopyrgus antipodarufiNew Zealand mud
snails; Gastropoda: Neotaenioglossa: Hydrobiid@&s$sected gut contents were drawn
onto gridded Metricel® membrane filters (25mm, udd (Pall Corp., Ann Arbor, MI)
and mounted on slides for preservation using Type B immersion oil. Macroinvertebrates
varied in size and gut fullness; therefore, to ensure that a sufficient numbeticdépa
were present on each prepared slide, the gut contents of one to four macroinesrtebrat
were filtered onto each slide. Two to four slides were analyzed for eamhdarach site
and season.
Microscopy

A minimum of 50 individual particles on each slide were identified and their area
was measured along random transects using image analysis softnegelPlo Plus®

(Media Cybernetics Inc., Bethesda, MD), attached to a compound microscope at 100x
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magnification (Rosi-Marshall and Wallace 2002). Particles were idexhtiind

categorized as: diatoms, filamentous algae, leaf material, fungi, mgtzpphimal
material, cyanobacteria, red algae, and amorphous detritus (i.e. aggregatrganic
subcellular-sized particles with no recognizable cellular structure¢Ba®984, Mann
1988, Hall et al. 2000]). The area of each particle was measured and the proportion of
each food resource in the seston, biofilms and diets was calculated.
Relative contribution of food types to production

Because food resources vary in quality, food-specific assimilatianegities
(percentage of a food type that a macroinvertebrate is able to asgianidteet
production efficiencies (an estimate of the ratio of tissue production to energy
assimilation) were used to estimate the relative contribution of food typescdacgion.
The assimilation efficiencies (AE) used were as follows: 30% for diatmms
filamentous algae; 50% for fungi; 10% for amorphous detritus, macrophytes, leaf
material and cyanobacteria; and 70% for animal (Benke and Wallace 1980).8Becaus
did not measure production efficiencies for the species in this study, |edsunet
production efficiency (NPE) of 0.5, based on the available literature (Benke afat®&Val
1980). For each food resource the relative contribution (RC) of the food typeyks
a...n) to production was calculated as follows:
RC = (G) x AE x NPE/S (Gaspec..n* AE XNPE).

Estimating the origin of amorphous detritus

A common food resource for macroinvertebrates in many large river systems

including the Colorado River, is amorphous detritus (Benke and Wallace 1997, Stevens et
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al. 1997, Rosi-Marshall and Wallace 2002). Amorphous detritus can be autochthonously

and/or allochthonously derived because it is often formed via flocculation of dissolved
organic matter (DOM) and may be composed of: bacteria, microbes, exopalymeri
secretions from bacteria, algae and fungi, sediment particles, anddetnigdll fragments
(Mann 1988, Decho and Moriarty1990, Carlough 1994, Hall et al. 2000, Hart and
Lovvorn 2003). In the Colorado River, autochthonous production is high in the tailwater
reach and inputs of tributary allochthonous carbon increase downstream. Therefore
amorphous detritus may shift from being autochthonously derived in the taitwvater
allochthonously derived downstream. Based on this observation, | assumed that all
amorphous detritus in the tailwaters is derived from algae, and | usedidohef rat
amorphous detritus to diatoms in tailwater epilithic biofilms to calculate the
autochthonous fraction (AF) of amorphous detritus in downstream macroinvertebrate
diets. | calculated AF for each season, and used season-spedfideateloped from the
tailwaters to estimate the fraction of amorphous detritus that was autochtlabtioes
downstream sites. For each macroinvertebrate diet, | calculated theatogihous
detritus based on the percent diatoms in the diet.

| applied adjusted amorphous detritus proportions to estimate the relative
contribution of autochthonous (diatoms + filamentous algae + autochthonously derived
amorphous detritus) versus allochthonous (leaf material + allochthonously derived
amorphous detritus) resources to the production of each macroinvertebrate taxon.
Seasonal estimates for each taxon were averaged to estimatetihe celatribution of

autochthonous and allochthonous resources to production over the course of the year. To
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compare the downstream system to the tailwaters, | averaged thehaliomig and

autochthonous resource consumption by each taxon at downstream sites.
Statistical analyses

Statistical analyses were performed using the software packaig¢®sfs 10.0)
(SSI San Jose, California). | compared proportions of dominant food resources consumed
by macroinvertebrates (diatoms, filamentous algae, amorphous detrituafamaterial),
among sites and seasons, using two-way analysis of variance (ANOV#&reddes in
proportions of particle types comprising seston, rock faces, and cliff facesaise
analyzed using two-way ANOVA. All proportions were arcsine-squaretransformed
before analysis to meet the normality assumption for ANOVA. When two-way\&NO
analyses resulted in a significant site x season interaction, | analyzedactor
independently by site or season using one-way ANOVA and Tukey’s HSD test. For
consistent reporting and analysis of the results, statistical an#tgseld not result in a
significant interaction were also analyzed using one-way ANOVA anéylsikdSD test.
For one-way ANOVA analyses, a Bonferroni-adjugtedalue of 0.05/4 = 0.0125 was
used to compare proportions for dominant particle types among sites for each(season
4), and gp-value of 0.05/6 = 0.0083 was used to compare proportions among seasons for
each site (n = 6).
Characterization of resources — correlation analysis

| used correlation analysis to assess the degree of correspondence between
macroinvertebrate diets and the availability of food resources in the riveza€loof the

dominant particle types (diatoms, filamentous algae, amorphous detritus and leaf
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material), | examined the relationship between percent composition of tluepigpe in

a particular feeding habitat (seston, rock and cliff face biofilms) an@meconsumption
of the particle type by each taxon, at each site and season. For examplesaht per
diatoms in the seston at each site during each season were compared to the percent
diatoms in the gut contents $f arcticuncollected concurrently. Pearson product-
moment correlation coefficient)(was used to assess the strength of the association
between the two variables (or the strength of the linear dependence).
Results

For clarity, the dominant patterns observed are discussed in each section of the
results and significant differencgs\alues, F, and degrees of freedom) are reported in
appendices. | calculated the fraction of autochthonously derived amorphous detrjtus (AF
at downstream sites, to be less than 37 percent during all seasons. Thereforgefenen |
to amorphous detritus in the results, | consider it an allochthonous resource. However, the
calculated autochthonous and allochthonous fractions of amorphous detritus were applied
to the production attributable results.
Composition of available resources

Suspended organic seston

Suspended organic seston composition was dominated by autochthonous
resources (diatoms + filamentous algae) in the clear tailwater @d&0) during all
seasons (Figure 3, Table 3, Appendix 1 and 2). Along downstream reaches (RM 30 — RM
225), suspended organic seston was dominated by allochthonous resources (amorphous

detritus + leaf material) in all seasons expect during moderate turbiditions in
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spring, when diatoms were the dominant particle type at four of five sitpa¢R3,

Table 3, Appendix 1 and 2). The greatest changes in seston resource compositi
occurred during high turbidity and low light conditions in the autumn and winter, when
there were significantly higher proportions of amorphous detritus at most leams

sites than in the tailwaters (Figure 3, Table 3, Appendix 1 and 2).

HEE Diatoms A | eaf Material EEEE Cyanobacteria [N Fungi
[ Amorphous Detritus  EZ=A Fila. Algae Macrophyte Animal
100 - 100
80 - 80 1
60 - 60 -
40 - 40 -
20 A 20
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>
80 - 80 -
60 - 60 -
40 - 40 -
20 A 20 -
0

Figure 3. The proportion of particles types comprising suspended organicatesiton
sites downstream of dam during A) summer 2006; B) autumn 2006; C) winter 2007; and
D) spring 2007.
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Table 3. Mean (SE) proportion of particle types poBing suspended organic seston for each sit

season.

Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.28 (0.01) 0.40 (N/A) 0.53(N/A) 0.4808) 0.63(0.05) 0.49 (0.10)
Diatoms 0.62 (0.01) 0.48 (N/JA) 0.28(N/A) 0.22(0.07) 19(0.02) 0.21 (0.05)
Leaves 0.10 (0.01) 0.07 (N/A) 0.16 (N/A) 0.08 (0.03) 1(0.01) 0.24 (0.06)
Fila. Algae 0.00 0.00 0.03 (N/A) 0.17 (0.17) 0.01 (0.0D.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.04 (0.03) 0.03 (0.03)
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.05 (N/A) 0.00 0.05 (0.05) 0.06 (0.06) 0(0304)
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Autumn
A. Detritus 0.11 (0.04) 0.64 (0.02) 0.59 (0.05) 0.58%8) 0.81(0.03) 0.48 (0.03)
Diatoms 0.73 (0.10) 0.17 (0.05) 0.01 (0.003) 0.05 (P.00.02 (0.01) 0.07 (0.01)
Leaves 0.04 (0.03) 0.18(0.07) 0.36 (0.07) 0.35(0.03).17@0.02) 0.44 (0.03)
Fila. Algae 0.12 (0.07) 0.00 0.00 0.01 (0.01) 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.01 (0.005) 0.04 (0.04) 0.01(0.005) 0.00 1@a01)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Winter
A. Detritus 0.21 (0.02) 0.45(0.05) 0.58(0.10) 0.7DE) 0.77 (0.09) 0.72(0.03)
Diatoms 0.67 (0.01) 0.21(0.02) 0.10(0.01) 0.07 (0.049.03 (0.01) 0.08 (0.01)
Leaves 0.07 (0.03) 0.18(0.04) 0.32(0.10) 0.21 (0.02).20@0.10) 0.20 (0.03)
Fila. Algae 0.05 (0.05) 0.16 (0.08) 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Spring
A. Detritus 0.13 (0.03) 0.18 (0.01) 0.42(0.02) 0.204) 0.40(0.09) 0.36 (0.03)
Diatoms 0.81 (0.03) 0.70(0.06) 0.38 (0.07) 0.60 (0.049.54 (0.08) 0.46 (0.03)
Leaves 0.04 (0.01) 0.03(0.01) 0.10(0.01) 0.16(0.04).06@.02) 0.18 (0.002)
Fila. Algae 0.02 (0.01) 0.08 (0.04) 0.07 (0.03) 0.00 00.0 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.01 (0.003) 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.03 (0.03) 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Epilithon (rock faces)

Epilithic biofilms in the tailwater reach (RM 0)

were dominated by autochthonous

resources (diatoms + filamentous algae) during all seasons (Table fddppand 4).
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Along downstream reaches, epilithic biofilms were dominated by allochthonous

resources (amorphous detritus + leaf material) during all seasons exdegtdoderate
turbidity conditions in summer and spring, when diatoms comprised the greatest
proportion of the biofilm for the upper most reach (RM 30) in summer, and the two upper
reaches (RM 30 and RM 62) in spring (Table 4, Appendix 3 and 4). Consistent
significant differences in the proportion of particle types comprising lepilitiofilms

were only present for filamentous algae, with higher proportions of filamengaesia

the tailwaters than downstream sites, during moderate turbidity conditions unmihees

and winter (Table 4, Appendix 3 and 4).

Epicremnon (cliff faces)

Epicremnic biofilms in the tailwater reach (RM 0) were dominated by
autochthonous resources (diatoms + filamentous algae) during all seasqisiaxog
moderate turbidity/low light conditions in winter, when amorphous detritus was the
dominant particle type (Table 5, Appendix 5 and 6). Along downstream reaches (RM 30
— RM 225), epicremnic biofilms were dominated by allochthonous resources except
during moderate turbidity conditions in summer and spring, when diatoms were the
dominant particle type for the upper most reach (RM 30) in the spring, and the two upper

reaches (RM 30 and 62) in the summer (Table 5, Appendix 5 and 6).
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Table 4. Mean (SE) proportion of particle types pasing epilithon for each site and season.

Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.09 (0.02) 0.28 (0.06) 0.58 (0.17) 0.827) 0.54 (0.17) 0.79 (0.05)
Diatoms 0.65(0.07) 0.58(0.10) 0.34(0.13) 0.16 (0.@32 (0.20) 0.08 (0.03)
Leaves 0.002 (0.001) 0.11 (0.02) 0.08 (0.04) 0.30 (0.04.4 (0.03) 0.12 (0.05)
Fila. Algae 0.25(0.08) 0.001 (0.001) 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.003 (0.003) 0.03 (0.03) 0.00 0.02 (0.02) 0.00 1@mo1)
Animal 0.01(0.01) 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Autumn
A. Detritus 0.11 (0.01) 0.76 (0.02) 0.75(0.02) 0.84.10 0.64 (0.05) 0.49 (0.20)
Diatoms 0.82(0.04) 0.21(0.03) 0.24(0.02) 0.13(0.1133 (0.07) 0.37 (0.26)
Leaves 0.01(0.01) 0.03(0.02) 0.01(0.003) 0.03(0.01)3 (0.03) 0.14 (0.11)
Fila. Algae 0.04 (0.04) 0.00 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.02 (0.01) 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Winter
A. Detritus 0.24 (0.09) 0.53(0.06) 0.72(0.05) 0.6800 0.56 (0.12) 0.47 (0.23)
Diatoms 0.62 (0.08) 0.30(0.04) 0.15(0.02) 0.07 (0.@509 (0.05) 0.26 (0.25)
Leaves 0.04 (0.01) 0.17 (0.05) 0.11 (0.03) 0.24 (0.09)400.06) 0.19 (0.04)
Fila. Algae 0.10(0.02) 0.00 0.02 (0.01) 0.00 0.01 (p.01.01 (0.005)
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.001 (0.001) 0.00 0.00 0.01 (0.01) 0.10 (0.10) 0020(0.0002)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.07 (0.08)

Spring
A. Detritus 0.04 (0.03) 0.29(0.09) 0.36(0.03) 0.51¢0 0.49 (0.14) 0.33(0.02)
Diatoms 0.62 (0.14) 0.67(0.08) 0.50(0.10) 0.44 (0.1233 (0.15) 0.33 (0.05)
Leaves 0.01 (0.005) 0.04 (0.004) 0.07 (0.01) 0.06 (0.0D9 (0.05) 0.29 (0.08)
Fila. Algae 0.25(0.16) 0.00 0.04 (0.02) 0.00 0.09 (p.0m00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.08 (0.08) 0.00 0.00 0.00 0.00 0.05 (0.05)
Fungi 0.001 (0.001) 0.00 0.03 (0.03) 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
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Table 5. Mean (SE) proportion of particle types pasing epicremnon for each site and season.
Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.04 (0.002) 0.18 (0.08) 0.37 (N/A) 0.8.402) 0.49 (0.13) 0.67 (0.05)
Diatoms 0.78 (0.03) 0.72(0.13) 0.55(N/A) 0.11 (0.05)060(0.06) 0.00
Leaves 0.01 (0.003) 0.10 (0.05) 0.08 (N/A) 0.29 (0.10)25Q0.06) 0.33 (0.05)
Fila. Algae 0.17 (0.03) 0.00 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.06 (0.06) 0.20 (0.20) 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Autumn
A. Detritus 0.25(0.09) 0.64 (0.04) 0.53(N/A) 0.790@) 0.80 (0.103) 0.93 (0.02)
Diatoms 0.64 (0.06) 0.34(0.05) 0.43(N/A) 0.01(0.01)13(0.11) 0.02 (0.02)
Leaves 0.04 (0.01) 0.02(0.01) 0.04 (N/A) 0.11 (0.07)0200.01) 0.05 (0.01)
Fila. Algae 0.04 (0.04) 0.00 0.00 0.09 (0.09) 0.05 (p.08.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.03 (0.03) 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Winter
A. Detritus 0.50 (0.15) 0.61(0.01) 0.74(0.03) 0.48(Q 0.49(0.06) 0.57 (0.18)
Diatoms 0.39 (0.16) 0.07 (0.05) 0.03(0.01) 0.26 (0.16)22 (0.09) 0.05 (0.03)
Leaves 0.05 (0.02) 0.32(0.03) 0.23(0.02) 0.23 (0.062600.04) 0.19 (0.04)
Fila. Algae 0.05 (0.02) 0.00 0.00 0.03 (0.03) 0.03 (p.08.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.11 (0.11)
Fungi 0.01 (0.01) 0.00 0.00 0.00 0.00 0.08 (0.08)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Spring
A. Detritus 0.23 (0.11) 0.30(0.09) 0.60(0.09) 0.5210 0.70(0.10) 0.57 (0.11)
Diatoms 0.68 (0.14) 0.60(0.15) 0.19(0.06) 0.22 (0.08)23 (0.06) 0.26 (0.09)
Leaves 0.01 (0.01) 0.10(0.06) 0.17 (0.05) 0.20(0.07P7@0.03) 0.15(0.03)
Fila. Algae 0.08 (0.08) 0.004 (0.004) 0.04 (0.04) (Q©#H4) 0.00 0.02 (0.02)
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.002 (0.002) 0.002 (0.002) 0.02 (0.02) 0.00 .000
Animal 0.00 0.00 0.00 0.00 0.00 0.00

Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
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Macroinvertebrate diets

Simulium arcticum

S. arcticunconsumed mainly diatoms in the tailwater reach during all seasons
(Figure 4, Table 6, Appendix 7). Along downstream reaches (RM 30 — RM225),
arcticumconsumed mainly allochthonous resources (amorphous detritus + leaf material)
during all seasons (Figure 4, Table 6, Appendix&7arcticundiets also changed
seasonally, specifically at the sites below major tributaries (RM 30 and R{#i§8re 4,
Table 6, Appendix 7). During moderate turbidity conditions in the summer, winter, and
spring,S. arcticunconsumed a higher proportion of diatoms (though not always
significant) at all downstream sites than during high turbidity conditions iautemn
(Figure 4, Table 6, Appendix 8). In contrast, in the aut@narcticunconsumed mainly
amorphous detritus at all downstream sites (Figure 4, Table 6, Appendix 8).

In the tailwaters, autochthonous organic matter (diatoms + filamentoustalgae
autochthonously derived amorphous detritus) contributes the greatest an®unt to
arcticumproduction; contributing 99% to the average yearly (average for all four
seasonsy. arcticumproduction (Figure 5). At downstream sites, allochthonous organic
matter (allochthonously derived amorphous detritus + leaf material) coegithe
greatest amount 8. arcticunproduction; contributing 57% to the average yearly
(average for all four seasons and all five downstream Stemcticumproduction
(Figure 5). More specifically, in the tailwaters, diatoms contribute ribatgst amount to
S. arcticunproduction during all seasons (85%-95%, range for all seasons) (Table 7). At

downstream sites, allochthonous amorphous detritus contributes the greatest aount to
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arcticumproduction during high turbidity conditions in the autumn (65-93%, range for

the five downstream sites). During moderate turbidity conditions in the summaeat,wint
and spring, diatoms and allochthonous amorphous detritus contribute somewhat equally
to production (Table 7). During these seasons diatoms can contribute from 27-67%
(range for the five downstream sites, during the three moderate turledggrss), and
allochthonous amorphous detritus can contribute from 22-64% (range for the five

downstream sites during the three moderate turbidity seasdBsatoticunmproduction.

I Diatoms 2 | eaf Material EEES Cyanobacteria [N Fungi
1 Amorphous Detritus  EZ==3 Fila. Algae Macrophyte B Animal
100 100
A Z 77
80 - 80 -
60 - 60 -
40 - 40 -
20 A 20 A
S o o
<£ 100 - 100 -
>
80 - 80 -
60 - 60 -
40 - 40 -
20 A 20 A

Figure 4. The proportion of particle types consumed seasonaBinfylium arcticunat
six sites downstream of dam during A) summer 2006; B) autumn 2006; C) winter 2007;
and D) spring 2007.
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Table 6. Mean (SE) proportion of consumptionSimulium arcticunfior each site and season.
N/A indicates no data available.

Season _ Food Resource _ Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.19 (0.03) 0.46 (0.04) 0.72(0.03) 0.0%R) 0.81(0.03) 0.76(0.04)
Diatoms 0.79 (0.03) 0.41(0.05) 0.27(0.03) 0.16(0.03).12 (0.01) 0.24 (0.04)
Leaves 0.01 (0.01) 0.13(0.08) 0.01(0.004) 0.06 (0.0D.07 (0.03) 0.002 (0.002)
Fila. Algae 0.01 (0.01) 0.00 0.001 (0.001) 0.00 0.00 0.00
Cyanobacteria  0.001(0.0004) 0.003 (0.001) 0.00 0.00 0.00  0.002 (0.002)
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Autumn
A. Detritus 0.12 (0.03) 0.94(0.02) 0.97(0.02) 0.804) 0.75(0.8) 0.94 (0.004)
Diatoms 0.87 (0.03) 0.04(0.01) 0.02(0.02) 0.09(0.05).05(0.02) 0.05 (0.01)
Leaves 0.001 (0.004) 0.01 (0.005) 0.01(0.004) 0.0&2(0. 0.18 (0.10) 0.01 (0.01)
Fila. Algae 0.01 (0.004) 0.01(0.01) 0.00 0.00 0.022p.0 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Winter
A. Detritus 0.28 (0.06) 0.55(0.14) 0.76(0.04) 0.638) 0.44(0.04) 0.67 (0.05)
Diatoms 0.67 (0.06) 0.23(0.11) 0.14(0.02) 0.15(0.06).16 (0.04) 0.18 (0.04)
Leaves 0.01 (0.01) 0.10(0.03) 0.09(0.03) 0.08(0.02).1500.06) 0.15 (0.02)
Fila. Algae 0.004 (0.003) 0.12(0.12) 0.01(0.01) Q@@o) 0.17 (0.07) 0.00
Cyanobacteria  0.01 (0.01) 0.00 0.00 0.00 0.07 (0.07) 0.00
Macrophyte 0.02 (0.01) 0.00 0.00 0.001 (0.002) 0.00 0.00
Fungi 0.003 (0.003) 0.00 0.00 0.04 (0.02) 0.01 (0.005p00.
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Spring
A. Detritus 0.15(0.03) N/A 0.65(0.02) 0.77 (N/A) 0.@06) 0.69 (0.07)
Diatoms 0.84 (0.03) N/A 0.29 (0.03) 0.19 (N/A) 0.32 ®.0 0.21 (0.03)
Leaves 0.01 (0.002) N/A 0.03 (0.01) 0.03(N/A) 0.03 1.0 0.03 (0.01)
Fila. Algae 0.00 N/A 0.01 (0.01) 0.01(N/A) 0.01(0.01) .06 (0.06)
Cyanobacteria  0.00 N/A 0.00 0.00 0.00 0.00
Macrophyte 0.00 N/A 0.003 (0.003) 0.00 0.00 0.00
Fungi 0.001 (0.001) N/A 0.00 0.00 0.002 (0.001) 0.01@@)0
Animal 0.00 N/A 0.02 (0.01) 0.00 0.00 0.00
Red Algae 0.00 N/A 0.00 0.00 0.00 0.00




30

mmmm Autochthonous ——= Allochthonous

100

80

60 -

Percent

40 H

@@@ \e\\Q“ (9\® @@ ‘3\\@

RM O Downstream
sites

Figure 5. The percent of each taxon’s production attributable to autochthonoosédiat

+ filamentous algae + autochthonously derived amorphous detritus) and allochthonous
(leaf material + allochthonously derived amorphous detritus) resourcestailteters

(RM 0) and at downstream sites. The percent of production attributable to autochthonous
and allochthonous resources was calculated seasonally at each site.|Saésdatons

were averaged to estimate the yearly average percent attribistabsources for each

taxon. Seasonal calculations for the five downstream sites were also averagechate

the yearly average percent attributable to resources for the downstigam.sy
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Table 7. Production attributed to food type (%0)ldQkation: Food type in gut (%) x Assimilation
efficiency (AE) x Net production efficiency (NPB)/(G(a+b+c...n) x AE xNPE). N/A indicates
no data available.

Season Taxa Food Resource Site
Summer  Simuliid RM 0 RM30 RM62 RM127 RM 165 RM 225
Allochthonous
A. Detritus 0 22 44 57 63 49
Autochthonous
A. Detritus 7 3 2 2 1 2
Diatoms 91 67 52 36 29 49
Leaves 0 7 1 5 6 0.1
Fila. Algae 1 0 0.2 0 0 0
Cyanobacteria 0.04 0.2 0 0 0 0.1
Macrophyte 0 0 0 0 0 0
Fungi 0 0 0 0 0 0
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
Autumn  Simuliid
Allochthonous
A. Detritus 0 85 93 73 65 84
Autochthonous
A. Detritus 4 1 0.3 1 1 1
Diatoms 95 10 6 23 13 14
Leaves 0.04 1 1 3 16 2
Fila. Algae 1 3 0 0 5 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 0 0 0 0
Fungi 0 0 0 0 0 0
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
Winter Simuliid
Allochthonous
A. Detritus 0 27 54 34 22 44
Autochthonous
A. Detritus 12 5 4 3 4 5
Diatoms 85 41 32 27 28 40
Leaves 0.4 6 7 5 9 11
Fila. Algae 0.4 21 2 18 30 0
Cyanobacteria 0.4 0 0 0 4 0
Macrophyte 1 0 0 0.1 0 0
Fungi 1 0 0 12 3 0
Animal 0 0 0 0 0 0

Red Algae 0 0 0 0 0 0
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Season Taxa Food Resource Site
Spring Simuliid RMO RM30 RM62 RMI127 RM165 RM 225
Allochthonous
A. Detritus 0 N/A 37 54 37 43
Autochthonous
A. Detritus 6 N/A 1 1 1 1
Diatoms 94 N/A 50 41 57 40
Leaves 0.4 N/A 2 2 2 2
Fila. Algae 0 N/A 2 2 2 11
Cyanobacteria 0 N/A 0 0 0 0
Macrophyte 0 N/A 0.2 0 0 0
Fungi 0.2 N/A 0 0 1 3
Animal 0 N/A 8 0 0 0
Red Algae 0 N/A 0 0 0 0
Summer Gammarus
Allochthonous
A. Detritus 0 26 52 11 N/A 46
Autochthonous
A. Detritus 27 3 2 4 N/A 2
Diatoms 71 64 35 83 N/A 50
Leaves 2 3 12 2 N/A 1
Fila. Algae 0 3 0.2 0 N/A 0
Cyanobacteria 0 0 0 0 N/A 0
Macrophyte 0 0 0 0 N/A 0
Fungi 0 0 0 0 N/A 0
Animal 0 0 0 0 N/A 0
Red Algae 0 0 0 0 N/A 0
Autumn  Gammarus
Allochthonous
A. Detritus 0 45 69 33 31 79
Autochthonous
A. Detritus 18 2 0 0 1 0.3
Diatoms 64 38 3 5 15 5
Leaves 1 9 10 6 10 6
Fila. Algae 18 6 8 3 5 8
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 5 4 3 0
Fungi 0 0 5 22 20 0.5
Animal 0 0 0 27 16 0
Red Algae 0 0 0 0 0 0
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Season Taxa Food Resource Site
Winter Gammarus RM 0O RM30 RM62 RM127 RM 165 RM 225
Allochthonous
A. Detritus 0 39 27 6 31 37
Autochthonous
A. Detritus 12 3 5 3 4 4
Diatoms 73 27 38 26 29 29
Leaves 3 2 5 1 3 5
Fila. Algae 11 14 24 62 29 21
Cyanobacteria 0 0 0 0 0 0
Macrophyte 2 1 0 0 0 1
Fungi 0 6 0 2 0 3
Animal 0 8 1 0 4 0
Red Algae 0 0 0 0 0 0
Spring Gammarus
Allochthonous
A. Detritus 0 13 14 28 27 16
Autochthonous
A. Detritus 23 2 2 2 0.2 1
Diatoms 75 84 82 67 10 60
Leaves 2 1 2 3 2 3
Fila. Algae 0 0 0 0 0 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 0 0 0 0
Fungi 0 0 0 0 0 0
Animal 0 0 0 1 61 21
Red Algae 0 0 0 0 0 0
Summer NZMS
Allochthonous
A. Detritus 0 31 77 29 N/A 15
Autochthonous
A. Detritus 20 3 1 3 N/A 4
Diatoms 72 57 18 53 N/A 79
Leaves 0 9 4 16 N/A 2
Fila. Algae 8 0 0 0 N/A 0
Cyanobacteria 0 0 0 0 N/A 0
Macrophyte 0 0 0 0 N/A 0
Fungi 0 0 0 0 N/A 0
Animal 0 0 0 0 N/A 0
Red Algae 0 0 0 0 N/A 0
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Season Taxa Food Resource Site
Autumn  NZMS RMO RM30 RM62 RM127 RM 165 RM 225
Allochthonous
A. Detritus 0 54 61 52 41 74
Autochthonous
A. Detritus 18 2 1 2 2 1
Diatoms 81 40 26 39 42 20
Leaves 1 4 6 4 4 3
Fila. Algae 1 0 1 0 4 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 0 0 1 0
Fungi 0 0 4 4 6 1
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
Winter NZMS
Allochthonous
A. Detritus 0 27 N/A 69 45 21
Autochthonous
A. Detritus 13 7 N/A 1 4 7
Diatoms 83 52 N/A 8 35 52
Leaves 0.4 14 N/A 17 16 19
Fila. Algae 3 0 N/A 0 0 0
Cyanobacteria 0 0 N/A 0 0 0
Macrophyte 1 0 N/A 0 0 0
Fungi 0 0.3 N/A 5 0 2
Animal 0 0 N/A 0 0 0
Red Algae 0 0 N/A 0 0 0
Spring NZMS
Allochthonous
A. Detritus 0 56 64 50 25 56
Autochthonous
A. Detritus 14 1 1 1 11 1
Diatoms 84 40 31 44 47 26
Leaves 1 3 3 5 17 11
Fila. Algae 0 0 0 0 0 7
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 1 0 0 0
Fungi 0 0 0 0 0 0
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0



35
Table 7. Continued.

Season Taxa Food Resource Site
Summer  Chironomid RM 0 RM30 RM62 RM127 RM 165 RM 225
Allochthonous
A. Detritus 0 17 39 50 26 36
Autochthonous
A. Detritus 13 3 2 1 3 2
Diatoms 82 64 44 14 60 43
Leaves 5 6 15 35 11 18
Fila. Algae 0 6 0 0 0 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 3 0 0 0 0
Fungi 0 0 0 0 0 1
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
Autumn  Chironomid
Allochthonous
A. Detritus 0 31 44 42 52 48
Autochthonous
A. Detritus 11 3 1 1 0 1
Diatoms 49 55 27 14 3 26
Leaves 5 9 28 15 32 20
Fila. Algae 35 0 0 0 0 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 0 0 0 0 0
Fungi 0 3 0 27 13 4
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
Winter Chironomid
Allochthonous
A. Detritus 0 50 39 50 30 17
Autochthonous
A. Detritus 3 4 5 4 7 7
Diatoms 94 31 41 29 54 57
Leaves 0.4 5 7 16 9 13
Fila. Algae 2 4 4 0.5 0 0
Cyanobacteria 0 0 0 0 0 0
Macrophyte 0 2 0 0 0 0
Fungi 0 4 3 1 0 6
Animal 0 0 0 0 0 0
Red Algae 0 0 0 0 0 0
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Table 7. Continued.

Season Taxa Food Resource Site

Spring Chironomid RMO RM30 RM62 RM127 RM 165 RM 225
Allochthonous
A. Detritus 0 N/A 26 20 22 55
Autochthonous
A. Detritus 3 N/A 2 2 2 1
Diatoms 94 N/A 66 70 73 31
Leaves 0.4 N/A 5 5 4 13
Fila. Algae 2 N/A 0 5 0 0
Cyanobacteria 0.1 N/A 0 0 0 0
Macrophyte 0 N/A 0 0 0 0
Fungi 0 N/A 1 0 0 0
Animal 0 N/A 0 0 0 0
Red Algae 0 N/A 0 0 0 0

Gammarus lacustris

In generalG. lacustrisconsumed similar proportions of diatoms and amorphous
detritus in the tailwater reach during all seasons (Table 8, Appendix 9). Along
downstream reaches (RM 30 — RM 225) lacustrisgenerally consumed higher
proportions of allochthonous resources (though not always significant) than in the
tailwaters in all seasons, except during moderate turbidity/light conditidhs ispring,
when they consumed a higher proportion of allochthonous resources at only two of the
five downstream sites, and consumed more diatoms than allochthonous resources at three
of the five downstream sites (Table 8, Appendix®)lacustrisdiets also changed
seasonally. During moderate turbidity conditions in the summer, winter, and, €pring
lacustrisgenerallyconsumed a higher proportion of diatoms (though not always
significant) at downstream sites than during high turbidity conditions in the autumn
(Table 8, Appendix 10)G. lacustrisalso generally consumed a higher proportion of

diatoms at downstream sites (though not always significant) during modebadyur
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and moderate/high light conditions, which occur in spring and summer, compared to the

moderate turbidity/low light conditions in the winter (Table 8, Appendix 10).

In the tailwaters, autochthonous organic matter (diatoms + filamentoustalgae
autochthonously derived amorphous detritus) contributes the greatest am@unt to
lacustrisproduction; contributing 97% to the yearly average (average for all four
seasonsy. lacustrisproduction (Figure 5). At downstream sites, autochthonous organic
matter contributes 52% to the average yearly (average for all founseasd all five
downstream sites}. lacustrisproduction (Figure 5). Specifically, in the tailwaters,
diatoms contribute the greatest amount to their production during all seasons (63%-75%
range for all seasons) (Table 7). In contrast, at downstream sites, dghrtgrbidity
conditions in autumn, allochthonous amorphous detritus contributes the greatest amount
to G. lacustrisproduction (31-79%, range for the five downstream sites). During
moderate turbidity conditions in the summer, winter, and spring, diatoms generally
contribute more to production than allochthonous amorphous detritus (Table 7). During
these seasons diatoms can contribute from 10-84% (range for the five downggseam s
during the three moderate turbidity seasons), and allochthonous amorphous detritus can
contribute from 6-52% (range for the five downstream sites, during the three teodera

turbidity seasons) tG. lacustrisproduction.
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Table 8. Mean (SE) proportion of consumption@gmmarus lacustrior each site and season. N/A

indicates no data available.

Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.52 (0.05) 0.53(0.18) 0.70(0.17) 0.34AN N/A 0.73 (0.13)
Diatoms 0.45 (0.04) 0.39(0.19) 0.15(0.03) 0.62 (N/A) /AN 0.25 (0.15)
Leaves 0.03 (0.02) 0.06 (0.05) 0.15(0.15) 0.04 (N/A) AN/ 0.02 (0.02)
Fila. Algae 0.00 0.02 (0.02) 0.001 (0.001) 0.00 N/A 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 N/A 0.00
Macrophyte 0.00 0.00 0.00 0.00 N/A 0.00
Fungi 0.00 0.00 0.00 0.00 N/A 0.00
Animal 0.00 0.00 0.00 0.00 N/A 0.00
Red Algae 0.00 0.00 0.00 0.00 N/A 0.00

Autumn
A. Detritus 0.38 (0.10) 0.66 (0.03) 0.77 (0.08) 0.61M 0.56 (0.05) 0.88(0.03)
Diatoms 0.46 (0.06) 0.18 (0.02) 0.01 (0.01) 0.03(0.019.09 (0.03) 0.02 (0.01)
Leaves 0.02 (0.01) 0.13(0.02) 0.11(0.04) 0.11(0.01).17@0.01) 0.07 (0.02)
Fila. Algae 0.14 (0.05) 0.03 (0.03) 0.03(0.02) 0.091) 0.03(0.02) 0.03(0.03)
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.06 (0.06) 0.07 (0.06) 0.05 (0.03).00
Fungi 0.00 0.00 0.02 (0.01) 0.08 (0.04) 0.07(0.02) 0.@0Q@O1)
Animal 0.00 0.00 0.00 0.07 (0.07) 0.03(0.03) 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Winter
A. Detritus 0.27 (0.10) 0.70(0.09) 0.55(0.16) 0.2 0.60(0.11) 0.63(0.08)
Diatoms 0.55(0.10) 0.15(0.05) 0.22 (0.05) 0.21(0.12.17 (0.04) 0.15 (0.04)
Leaves 0.06 (0.01) 0.02 (0.01) 0.09(0.03) 0.02(0.01).05@0.04) 0.07 (0.02)
Fila. Algae 0.08 (0.05) 0.08 (0.08) 0.14 (0.13) 0.53¢) 0.17(0.13) 0.11(0.05)
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.04 (0.02) 0.01(0.01) 0.00 0.00 0.00 0.0Q1P
Fungi 0.00 0.02 (0.02) 0.00 0.01 (0.01) 0.00 0.01 (0.01)
Animal 0.00 0.02 (0.02) 0.003 (0.003) 0.00 0.01 (0.01) 0100.01)
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Spring
A. Detritus 0.47 (0.11) 0.34(0.08) 0.36 (0.06) 0.544 0.67 (0.19) 0.40(0.01)
Diatoms 0.50 (0.13) 0.63(0.08) 0.60 (0.06) 0.41(0.13).08 (0.02) 0.47 (0.05)
Leaves 0.03 (0.02) 0.03(0.01) 0.04 (0.01) 0.05(0.02).04@0.004) 0.06 (0.04)
Fila. Algae 0.00 0.00 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.003 (0.003) 0.21 (0.21) 0.077p.0
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Potamopyrgus antipodarufiNZMS)

NZMS consumed mainly autochthonous resources (diatoms + filamentous algae)

in the tailwater reach during all seasons (Table 9, Appendix 11). Along doamstre

reaches (RM 30 — RM 225), NZMS consumed mainly allochthonous resources
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(amorphous detritus + leaf material) during all seasons (Table 9, Appendix 1in Wi

sites there were no consistent seasonal changes in NZMS diets amaomng $§€able 9,
Appendix 12), except during moderate turbidity/high light conditions in summer, when
NZMS generally consumed higher proportions of diatoms (though not signjfata
downstream sites.

In the tailwaters, autochthonous organic matter (diatoms + filamentoustalgae
autochthonously derived amorphous detritus) contributes the greatest amount to NZMS
production; contributing 98% to the average yearly (average for all four spaVS
production (Figure 5). At downstream sites, allochthonous organic matter
(allochthonously derived amorphous detritus + leaf material) contributesdbtts t
average yearly (average for all four seasons and all five downstreajriNsdd S
production (Figure 5). Specifically, in the tailwaters, diatoms contributertatest
amount to NZMS production during all seasons (72%-84%, range for all seasone) (Tabl
7). In contrast, at downstream sites, during high turbidity conditions in autumn,
allochthonous amorphous detritus contributes the greatest amount to N@gtion
(41-74%, range for the five downstream sites). During moderate turbiditytiomsdin
the summer, winter, and spring, diatoms and allochthonous amorphous detritus contribute
somewhat equally to production (Table 7). During these seasons diatoms can contribute
from 18-79% (range for the five downstream sites, during the three moderatayurbidi
seasons), and allochthonous amorphous detritus can contribute from 15-77% (range for
the five downstream sites, during the three moderate turbidity seasons) to NZMS

production.
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Table 9. Mean (SE) proportion of consumptionAmtamopyrgus antipodaru(zZMS) for each site and
season. N/A indicates no data available.
Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.42 (0.07) 0.55(0.05) 0.89(N/A) 0.4904) N/A 0.40 (0.13)
Diatoms 0.51 (0.10) 0.30(0.09) 0.07 (N/A) 0.27 (0.06) /AN 0.56 (0.13)
Leaves 0.00 0.15 (0.05) 0.04 (N/A) 0.24(0.07) N/A 0.0404)
Fila. Algae 0.07 (0.06) 0.00 0.00 0.00 N/A 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 N/A 0.00
Macrophyte 0.00 0.00 0.00 0.00 N/A 0.00
Fungi 0.00 0.00 0.00 0.00 N/A 0.00
Animal 0.00 0.00 0.00 0.00 N/A 0.00
Red Algae 0.00 0.00 0.00 0.00 N/A 0.00
Autumn
A. Detritus 0.39(0.02) 0.76 (0.04) 0.79(0.04) 0.7®8) 0.68(0.05) 0.88 (0.01)
Diatoms 0.59 (0.02) 0.18(0.04) 0.11(0.03) 0.18(0.03).22 (0.06) 0.08 (0.02)
Leaves 0.02 (0.005) 0.06 (0.02) 0.08 (0.01) 0.05(0.0D.07 (0.01) 0.04 (0.01)
Fila. Algae 0.003 (0.004) 0.00 0.01 (0.004) 0.00 0.001» 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.01(0.01) 0.00
Fungi 0.00 0.00 0.01(0.01) 0.01(0.002) 0.01 (0.003) 08.®M.003)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Winter
A. Detritus 0.30 (0.11) 0.52(0.03) N/A 0.77 (0.05) 0(6403) 0.43(0.10)
Diatoms 0.65 (0.10) 0.27 (0.05) N/A 0.03(0.01) 0.1®9). 0.27 (0.14)
Leaves 0.01 (0.002) 0.21 (0.03) N/A 0.19 (0.04) 0.204D. 0.29 (0.04)
Fila. Algae 0.01 (0.01) 0.00 N/A 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 N/A 0.00 0.00 0.00
Macrophyte 0.03(0.02) 0.00 N/A 0.00 0.00 0.00
Fungi 0.00 0.001 (0.001) N/A 0.01(0.01) 0.00 0.01 (0)005
Animal 0.00 0.00 N/A 0.00 0.00 0.00
Red Algae 0.00 0.00 N/A 0.00 0.00 0.00
Spring
A. Detritus 0.33(0.08) 0.78(0.03) 0.82(0.05) 0.7D8 0.77(0.07) 0.72(0.11)
Diatoms 0.64 (0.08) 0.18(0.04) 0.13(0.05) 0.21(0.049.11 (0.04) 0.11 (0.05)
Leaves 0.03(0.01) 0.04 (0.01) 0.04(0.01) 0.07(0.03).12@0.04) 0.14(0.07)
Fila. Algae 0.00 0.00 0.00 0.00 0.00 0.03 (0.03)
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.01(0.01) 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.00
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00

Chironomidae
Chironomids predominately consumed autochthonous resources (diatoms +
filamentous algae) in the tailwater reach (RM 0) during all seasobe(T@, Appendix

13). Along downstream reaches (RM 30 — RM 225), chironomids consumed mainly
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allochthonous resources (amorphous detritus + leaf material) during all seasept

spring, when diatoms and allochthonous resources were consumed in similar proportions
(Table 10, Appendix 13). Within downstream sites, chironomids changed their drets wit
season and generally consumed higher proportions of diatoms (though not significant)
during moderate turbidity conditions in summer, winter, and spring, than during high
turbidity conditions in the autumn (Table 10, Appendix 14). Also during autumn
chironomids consumed a higher proportion of flamentous algae at RM 0, with
filamentous algae comprising 27% of their diets.

In the tailwaters, autochthonous organic matter (diatoms + filamentoustalgae
autochthonously derived amorphous detritus) contributes the greatest amount to
chironomidproduction; contributing 97% to the average yearly (average for all four
seasons) chironomyroduction (Figure 5). In contrast, at downstream sites,
allochthonous organic matter (allochthonously derived amorphous detritus + leaf
material) contributes 50% to the average yearly (average for all fasorseand all five
downstream sites) chironompaoduction (Figure 5). Specifically, in the tailwaters,
diatoms contribute the greatest amount to chironomid production during all seasons
(49%-94%, range for all seasons) (Table 7). At downstream sites, durimturigdity
conditions in autumn, allochthonous amorphous detritus contributes the greatest amount
to chironomidproduction at all downstream sites (43-59%, range for downstream sites,
RM 62 — RM 265) except RM 30, where diatoms still contribute the most to production
(54%) (Table 7). During moderate turbidity conditions in the summer, winter, and,sprin

diatoms contribute the greatest amount to production at most sites (Table 7). Dugéng the
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seasons diatoms can contribute from 14-73% (range for the five downstresnasiing

the three moderate turbidity seasons), and allochthonous amorphous detritus can
contribute from 17-55% (range for the five downstream sites, during thentioaerate
turbidity seasons) to chironompfoduction.

Table 10. Mean (SE) proportion of consumption byr@tomidae for each site and season. N/A

indicates no data available.
Season Food Resource Site

Summer RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
A. Detritus 0.29 (0.02) 0.37(0.11) 0.58(0.03)0.56 (0.05 0.48 (0.10 0.53 (0.14
Diatoms 0.60 (0.07) 0.40 (0.06) 0.21(0.04) 0.05(0.03).33(0.14) 0.20(0.11)
Leaves 0.11 (0.05) 0.13(0.02) 0.21(0.04) 0.39(0.08).1900.07) 0.26 (0.07)
Fila. Algae 0.00 0.04 (0.04) 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.06 (0.06) 0.00 0.00 0.00 0.00
Fungi 0.00 0.00 0.00 0.00 0.00 0.004 (0.004)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Autumn
A. Detritus 0.25 (0.002) 0.55(0.03) 0.55(0.05) 0.638) 0.59(0.13) 0.62 (0.05)
Diatoms 0.38 (0.04) 0.30(0.06) 0.11(0.05) 0.07 (0.02).01 (0.01) 0.11 (0.05)
Leaves 0.11 (0.06) 0.14 (0.07) 0.34(0.10) 0.22(0.04).3700.15) 0.26 (0.08)
Fila. Algae 0.26 (0.02) 0.00 0.00 0.00 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.00 0.00 0.00 0.00 0.00
Fungi 0.00 0.01 (0.01) 0.00 0.08 (0.03) 0.03 (0.01) @ma1)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Winter
A. Detritus 0.09 (0.03) 0.73(0.07) 0.66(0.03) 0.608%) 0.58(0.04) 0.43(0.04)
Diatoms 0.88 (0.03) 0.14 (0.06) 0.20(0.04) 0.12(0.02).28 (0.06) 0.33 (0.07)
Leaves 0.01 (0.003) 0.07 (0.03) 0.11(0.04) 0.20(0.02).14 (0.05) 0.22 (0.04)
Fila. Algae 0.02 (0.02) 0.02 (0.01) 0.02(0.02) 0.00D02) 0.00 0.00
Cyanobacteria  0.00 0.00 0.00 0.00 0.00 0.00
Macrophyte 0.00 0.03 (0.01) 0.00 0.00 0.00 0.00
Fungi 0.00 0.01 (0.003) 0.01 (0.01) 0.003 (0.003) 0.00 02@0.02)
Animal 0.00 0.00 0.00 0.00 0.00 0.00
Red Algae 0.00 0.00 0.00 0.00 0.00 0.00
Spring
A. Detritus 0.09 (0.02) N/A 0.50 (0.14) 0.42(0.14) 0(@®=03) 0.70 (0.05)
Diatoms 0.86 (0.02) N/A 0.40 (0.16) 0.46 (0.19) 0.40€). 0.13 (0.04)
Leaves 0.02 (0.01) N/A 0.10 (0.05) 0.09 (0.02) 0.08%D.00.17 (0.02)
Fila. Algae 0.02 (0.02) N/A 0.00 0.03(0.03) 0.00 0.00
Cyanobacteria  0.01 (0.004) N/A 0.00 0.00 0.00 0.00
Macrophyte 0.00 N/A 0.00 0.00 0.00 0.00
Fungi 0.00 N/A 0.004 (0.004) 0.00 0.00 0.00
Animal 0.00 N/A 0.00 0.00 0.00 0.00

Red Algae 0.00 N/A 0.00 0.00 0.00 0.00
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Relative contribution of autochthonous and allochthonous resources to the

macroinvertebrate community

Macroinvertebrate production in the Grand Canyon is supported by
autochthonous resources in the tailwaters (Figure 5, Table 7). In contrastnatrdam
sites, macroinvertebrate production is generally supported by a combination of
autochthonous and allochthonous resources during moderate turbidity conditions (Table
7), and mainly allochthonous resources during high turbidity conditions. Spegificall
during high turbidity conditions allochthonous amorphous detritus contributes the
greatest amount to production at downstream sites, and during moderate turbidity
conditions diatoms and allochthonous amorphous detritus contribute somewhat equally to
production.
Resource consumption relative to resource availability

Resources consumed were generally related to their availability. Coropasiti
the seston, especially the percentage of diatoms and amorphous detritus, was$ypositive
related to the diets &. arcticum(r = 0.866,p < 0.001;r =0.610,p = 0.002, respectively,
Figure 6); however, other components of the seston were not rel@edruicundiets
(Table 11). Epilithic and epicremnic biofilm composition were positivelytedlto each
other ¢ = 0.853p < 0.001), so only epilithic biofilms were compared to gut-contents of
G. lacustris NZMS and chironomids (Figure 6). Consumption of diatoms and amorphous
detritus by these three taxa was positively related to the relative poopoirthese

resources in the epilithon (Figure 6). In addition, NZMS consumption of leaf alaed
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filamentous algae was positively related to their relative contribution tinbiof

composition = 0.784,p < 0.001;r = 0.543p = 0.009, respectively, Table 11).

Table 11. Correlation results examining the relathip between the
percent composition of a particle type in the sestoepilithon/rock faces
and the percent consumption of the particle typedmnh taxon.
Food resource Taxa Particle Type
Sestol Simuliid DIA AD LM FA
r 0.866€ 0.61C 0.00: 0.11¢
p 0.00C 0.00z 0.98¢ 0.59(

Epilithon/rock facc Gammaru
r 0587 0.45: -0.28: -0.16¢
p 0.00d 0.03C 0.191 0.44:
Epilithon/rock facc NZMS
r  0.51: 0.49: 0.78¢ 0.54:
p 0.01f 0.02C 0.00C 0.00¢
Epilithon/rock fac:  Chironomic
r 0.677 0.73¢ 0.287 0.05]
p 0.00C 0.00C 0.18: 0.81¢

r = Pearson product-moment correlation coefficient associated-value.

Discussion

As predicted, macroinvertebrate diets tracked downstream changes ingesourc
availability in the Colorado River, and autochthonous carbon was consumed in greater
proportions in the tailwaters and more allochthonous carbon was consumed downstream.
Consumption of allochthonous resources and the contribution of allochthonous resources
to macroinvertebrate production was most important during the monsoon season when
there is high turbidity and tributaries can contribute up to 500,000 metric tons of
particulate organic matter to the mainstem of the Colorado River (ca. 50 times the
amount of algal production) (Kennedy et al. unpublished data). This work demonstrates
that macroinvertebrates consume some of this tributary allochthonous carborsand thi

material supports higher trophic levels in the Colorado River.
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Figure 6. Correlation analysis of the average percent particle type (diataamorphous
detritus) comprising an available food resource (seston or epilithon) versusridigeave
percent of the diet the particle comprises, at each site, during each sedBpn. A
Seston vsS. arcticumC, D) epilithon vsG. lacustris;E, F) epilithon vs. NZMS; G,H)
epilithon vs. chironomids. Pearson product-moment correlation coefficr@rmsd
associateg-values are given. Line represents the line of equity (one-to-onenslai).
Points above the line demonstrate that the percent of the particle type consuheed by t
macroinvertebrate is greater than the percent composition of the pagela tyhe food
resource. Points below the line demonstrate that the percent of the pareatemgomed
by the macroinvertebrate is less than the percent composition of the partcie typ
food resource.
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Shifts in resource availability and macroinvertebrate consumption

Seston

Composition of the seston displayed the strongest patterns among resources in
spatial and seasonal shifts in composition and shifted most drastically beéheee
tailwaters (RM 0) and downstream sites (RM 30 — RM 225) during high turbidity and
low light conditions. The flooding of two major tributaries, the Paria River (RMah@)
the Little Colorado River (RM 61) contribute the largest amounts of suspendeasedim
and organic matter to the mainstem and consequently amorphous detritus and leaf
material dominate seston community composition downstream of these tributaries
Previous analyses of seston from the Paria River using stable isotopes idelitatton
from upland and riparian vegetation, and the isotopic signature was distinct from sest
in the mainstem Colorado River tailwaters (Angradi 1994). During seasons when there
are significant tributary inputs, amorphous detritus in the seston is most likely
allochthonous in origin. During moderate turbidity and high light seasons whensthere
higher primary production in the tailwaters and downstream, the downstrearfnoshif
diatoms to amorphous detritus and leaf material is less drastic. In addition, theseg
seasons amorphous detritus may be a combination of autochthonously-derived material
exported from the tailwaters, and autochthonously- and allochthonously-derived Imateria
from tributaries. The Paria River is generally turbid, but many smalletdriba are

clear and may contribute both autochthonous and allochthonous material to the mainstem.
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Epilithic biofilms

Although, autochthonous resources dominated the composition of epilithic
biofilms in the tailwaters, and allochthonous resources dominated the composition
downstream, there were few significant differences in the proportion of paypes in
the tailwaters versus downstream sites. Filamentous algae sigtlifideclined at
downstream sites during the summer and winter; however, due to high varznititg
replicates, no significant patterns in the spatial distribution of diatom conoposire
discerned during any season. Monsoon flooding increases the concentration of suspended
sediments and turbidity in the river and reduces water clarity, light levelsassl g
primary production (Yard et al. 2003), but does not typically scour or disturb the benthos.
The reduction of peak discharges due to the Glen Canyon Dam has led to increased
substrate stability (Webb et al. 1999, 2005), which allows for significant pesiphyt
development. Diatom communities, particularly late-successional spguies of well-
developed periphyton communities, are often adapted to survive in low light conditions
(McCormick and Stevenson 1991, Tuji 2000, Sigee 2005) and community composition
may not change considerably at downstream sites, even when light leveddared. In
contrast, the dominant filamentous algae in this syst#atophora glomeratgrows
best at high light intensities (McMillan and Verduin 1953, Whitton 1967), and the sharp
decline in its distribution downstream may be attributed to low light levelthdérarore,
canyon orientation and topographic complexity leads to temporal and spatial solar
insolation and may contribute to high variability in epilithic community compmwsiti

(Yard et al. 2005). Finally, there was often more amorphous detritus and |leafiat
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rocks from downstream sites, which may be attributed to settling and deposition of

tributary and riparian allochthonous material.

Epicremnic biofilms

Epicremnic biofilms were generally similar to epilithic biofilms. Water
epicremnic biofilms were dominated by autochthonous resources during all seasons
except winter, and downstream sites were dominated by allochthonous resoalices at
sites, except during high light and moderate turbidity conditions in the spring and
summer, when autochthonous resources were higher. Unlike epilithic biofilms,
significant differences in the proportion of particle types in the tailwatnsus
downstream sites were more prevalent, particularly during high light comlit the
summer and high turbidity conditions in the autumn. Differences between epifithic a
epicremnic biofilms may be due to differences in sampling methods (rockgrabkzed
out of rivers and scrubbed in a bucket, cliffs were scrubbed in the river with a
scrubbing/sucking device), or different current velocities and depths. Rocks were
typically grabbed from high velocity cobble bars and may not retain allochthonous
material. Cliff faces are adjacent to deep low-velocity areas, whichgbesm
development of thicker biofilms that may retain more allochthonous material.

Macroinvertebrate diets

Differences among taxa in extent of longitudinal and seasonal diet shifisenay
attributed to differences in food acquisition and availability of resourcesxpexted,
resource consumption I8/ arcticunwas highly correlated with seston compositisn.

arcticumis generally classified as a collector-filterer (Cummins 1973), and cuopar



49
of their diets to seston community composition, confirms the importance of this food

resource for these filter-feeding organisms (Wallace and Merritt 19800RVDE84,
Parkes et al. 2004). For exame arcticunconsumptiorgenerallymatched the
seasonal and longitudinal shifts occurring in the seston and displayed thetgiedten
diet amongst taxa, shifting diets during all seasons. Site-specific skesisiftsanS.
arcticumdiets were most prevalent at RM 30 and RM 62 (the sites below the two major
tributaries) between the autumn and all other seasons, confirming theoétfdmaitary
floods on resource availability and consumption. Tributary inputs, particularlygchinen
autumn, also contributed significantly more leaf material to the seston tisan wa
consumed bys. arcticumAlthough, simuliids can ingest particles up to 30 (Wotton
1976, Wallace and Merritt 1980, Currie and Craig 1987), the majority of studies report
ingestion of particles less than 10® (Wallace and Merritt 1980). The mismatch
between leaf material in the seston and gut contents may be attributed itathiéiy to
filter larger leaf particles from the seston. In addition, larval ingesttes (Hart and
Latta 1986, Hart 1987) and densities (Erman and Chouteau 1979, Hart 1987) have been
shown to be positively correlated with food availability. As such, filteorganisms may
benefit from increased seston concentrations leading to higher ingestiof hates
success 08. arcticunin the Colorado River ecosystem may be due to its ability to
effectively access and exploit changing resources.

G. lacustrisdiets track available resources and their resource consumption was
significantly correlated with epilithic resource composition. In cont@aSt arcticum@G.

lacustrisonly shifted diets to consume more allochthonous resources at downstream sites
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during three of the four seasons, and during spring consumed a higher proportion of

autochthonous resources at most of the downstream sites. Also at downstream sites
during moderate turbidity and moderate/high light conditions in the spring and summe
G. lacustrisconsumed higher proportions of diatoms than in the autumn and v@nter.
lacustrisare classified as facultative shredders (Cummins and Klug 1979) and because of
their ability to move upstream by swimming and crawling along substtdteghes
1970); they are not constrained to feeding in one habitat. The epilithon of the tailwate
of Glen Canyon Dam is dominated Gladophora glomeratand this is the preferred
habitat ofG. lacustris(Shannon et al. 1994) and epiphytic diatoms are their preferred
food resource (Pinney 19913. lacustrisare also common on cliff faces, especially
whenCladophora glomerataover is low in winter and spring (personal observation).
Downstream(. lacustrisis found on cliff faces; root wads associated with undercut
banks; macrophytes and bryophytes; reeds and sedges Rlutagnites australiand
Carex aquatilis;and rarely on cobble bafgersonal observation(. lacustrismay be
ableto utilize a variety of habitats to selectively feed on preferred reso{Béadscher
1985, Arsuffi and Suberkropp 1989, Friberg dadobsen 1994), which may explain
their higher consumption of autochthonous resources at downstream sites during some
seasons. Specifically, in this syst@nlacustrisselectively feeds on epiphytic diatoms
(Pinney 1991).

My results shows. lacustrisfeeds on more amorphous detritus than previously
reported. In the tailwaters, this amorphous detritus is most likely autochtiydeused

because of the lack of upstream allochthonous inputs. In addition, amorphous detritus
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may be derived from algal exudates (or algal exopolymer secretionsyafidrbvvorn

2003) and may be ingested while feeding on epiphytes. Ther&olagustrishigher
consumption of autochthonous resources downstream during moderate turbidity and
moderate/high light seasons may be attributed.tacustrispreference for epiphytic
diatoms and associated detritus. During high turbidity and low light conditions f@utum
and winter) G. lacustrisconsume more amorphous detritus and leaf material than
diatoms. During these seaso6s,lacustrishad a more varied diet and also consumed
macrophytes, fungi, and animal material at downstream sites (although in low
proportions) and this may be because of the lower availability of autochthonousessourc
on cliff faces. Furthermor&ammarugrefer conditioned (high microbial biomass) to
unconditioned leaves (Barlocher 1985) and, in this system, allochthonous inputs from
tributaries may be a higher quality conditioned resource, due to higher water
temperatures in tributaries. Similar to black fli@s lacustrisis an omnivorous and
opportunistic feeder that is capable of shifting diets.

New Zealand mud snail diets also track changes in epilithon resourcédgitaaila
and NZMS consumed more autochthonous resources in the tailwaters than downstream
during all seasons. New Zealand mud snails are classified as facultediper&grazers
that feed on the periphyton/mucopolysaccharide matrix (an assemblage of diatoms
filamentous algae, algal exudates/mucilage, amorphous detritus, fungi,daotéother
leaf, plant and animal material); therefore, they consume a varietyafroes including
diatoms, green algae, and plant and animal detritus (Haynes and Taylor 1984). New

Zealand mud snail resource consumption was correlated with the epilithic eesourc
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composition and NZMS were the only taxa correlated with all four of the dominant

particles (diatoms, amorphous detritus, leaf material, and filamentou$, @igakrming
the importance of the periphyton matrix as a food resource. New Zealand mad snail
thrive in autochthonously driven systems (Hall et al. 2006), and during summer when
there is the highest availability of autochthonous resources, NZMS generasiynced
more algae at all downstream sites than other seasons. In contrast, whexildabéity
of autochthonous resources is lower during autumn, winter, and spring, NZMS generally
consumed more amorphous detritus and leaf material at downstream sites. &m aalditi
downstream sites NZMS are most common in cobble bars with slow current eslociti
(personal observation). New Zealand mud snail preference for habitats with siatee
velocities (Vinson 2004), which facilitate organic matter deposition, mphaia the
increase in consumption of allochthonous resources downstream during these seasons.
Although NZMS consume allochthonous resources downstream, secondary production of
NZMS is typically highest in autochthonously driven systems (Hall et al. 2006), and
algae may be a better food resource. The low availability of autochthonousmater
downstream, particularly during high turbidity conditions, may explain tbeir |
abundance at downstream sites (Cross et al. unpublished data).

Chironomid diets tracked the availability of epilithic resources. Amoagst t
feeding on the epilithon, chironomids were the most highly correlated witthepili
resource composition of the dominant particles, diatoms and amorphous detritus,
demonstrating the importance of epilithic resources for these taxa (Bigure

Chironomids generally consumed more allochthonous than autochthonous resources at
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downstream sites during all seasons, expect in the spring when similar iproepaere

consumed. The equal consumption of resources during the spring may be attoilauted t
number of factors. Although chironomids are most commonly classified astaollec
gatherers, like other aquatic insects they are opportunistic and omnivorous and use
multiple feeding modes (Berg 1995, Ferrington et al. 2008, Henriques-Oliveira et a
2003); therefore, chironomids typically rely on a variety of resourcess béen
previously demonstrated that factors such as larval size, sediment coonparsit food
guality can influence chironomid feeding behavior (McLachlan et al. 1978, Hodkinson
and Williams 1980, Berg 1995). Furthermore, unlike other taxa in this study, there are
multiple species of chironomids present in this system, which may use diffeeeimd
modes, habitats, and food resources. Twenty-four species of chironomids have been
reported in this system (Stevens et al.1998) and four gebecatppus Orthocladius
Eukiefferiellg andTvetenia subfamily Orthocladiinae), were consistently collected for
gut-content analysis in this study. These chironomids are typically found ety \at
habitats including rock and cliff faces, depositional zones, and associated with
filamentous algae and other aquatic plants. Diet data of chironomids of all ferage
found in multiple habitats, were averaged at each site for each season, efuddmeay
mask spatial and seasonal diet trends that might exist for individual spectbsr F
analysis of chironomid diets by size and genus may help elucidate diet shifts
Shifts in food quality

Food resources in rivers vary in quality (i.e. algae is typically highaitgdood

than leaf material); therefore, changes in food resources consumed by mambraves
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may influence their growth and production (Benke and Wallace 1980, Bird and Kaushik

1984, Rosi-Marshall and Meyer 2004). Autochthonous carbon (i.e. diatoms and
filamentous algae) is more easily assimilated than allochthonous carboggfi.e. |
material) (Benke and Wallace 1997), so in a system with seasonal or spatigdsciman
resource availability there may be shifts in macroinvertebrate production casotoae
quality. The quality of allochthonous resources may also vary seasonally and
longitudinally. In particular, higher temperatures in tributaries (sesly relative to the
mainstem) may increase microbial colonization of allochthonous resouraessing
the quality of the resource (by adding microbes as a food resource), or agectieasi
guality as microbes consume it and the residual material becomes moritragtalc
(Short and Smith 1989, Abelho 2001, Graca and Canhoto 2006). Finally, a common food
resource for macroinvertebrates in many large river systems, includiGpkhedo
River, is amorphous detritus (Benke and Wallace 1997, Rosi-Marshall and Wallace
2002). The source (i.e. autochthonous versus allochthonous) of amorphous detritus may
affect its quality and assimilation efficiency (Rosi-Marshall and &&p04). In the
tailwaters of Glen Canyon Dam, amorphous detritus may be primarily derorad fr
autochthonous organic matter. In contrast, when primary production is low due to
increased tributary-induced turbidity, amorphous detritus may be primarilyeddrom
allochthonous organic matter from upland vegetation.

Because of varying assimilability, examining macroinvertebrate dat cause
misinterpretation of which food resources are actually supporting macrohmatete

secondary production. Because autochthonous resources are assimilated nemdyeffic
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than amorphous detritus and leaf material, they may contribute substaatially

macroinvertebrate production, even in rivers where algal production and consumption is
lower than allochthonous organic matter inputs and consumption (Thorp and Delong
2002). In the tailwaters of this system, autochthonous resources (predominaathsgliat
are consumed in higher proportions than allochthonous resources and contribute the
greatest amount to macroinvertebrate production during all seasons. At dowrsitesam
amorphous detritus is generally consumed in higher proportions than diatoms; however,
because of diatoms high assimilation efficiency, autochthonous resourlcssnstibute
substantially to macroinvertebrate production (Figure 5), particularly dorodgrate
turbidity conditions (Table 7). Allochthonous resources (predominantly allochthonous
amorphous detritus) also contribute substantially to downstream macroinvertebrat
production (Table 7), particularly during high turbidity conditions when it dominages t
diets of macroinvertebrates and supports a high percentage (31-93%) of their production,
despite its low assimilability. | calculated the percent of allochthona@ungly
autochthonously derived amorphous detritus (see methods), and the same assimilation
efficiency, 0.1, was applied to both types of amorphous detritus for production
attributable estimates. As discussed earlier, autochthonously derived amatetriius

may be highly assimilable (Hart and Lovvorn 2003), and my calculation of production
attributable to autochthonous resources may be underestimated. In contrast, dhring hi
turbidity conditions, when amorphous detritus is most likely from tributary flooalivly
allochthonously derived, the production attributable to allochthonous resources may be

an underestimate. In conclusion, macroinvertebrate production in the tailvgaters i
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supported by autochthonous carbon, and downstream macroinvertebrate production is

supported by a combination of autochthonous and allochthonous resources, during
moderate turbidity conditions, and allochthonous resources during high turbidity
conditions induced by monsoon tributary floods.
Serial discontinuity concept

Dams alter the natural state of rivers, influencing their physical lzemical
properties, and ultimately changing the structure and function of downstreagstms
(Baxter 1977, Power et al. 1996, Poff and Hart 2002). Restoration of river systems below
dams can be assessed by examining the recovery of biophysical propettias s
temperature, flow, and species distributions (Ward and Stanford 1983). The river
continuum concept (RCC) predicts that longitudinal changes in physical arestées of
rivers from the headwaters to the mouth will be accompanied by a correspondiing shif
energy inputs and the structure and function of biological communities (Vannote et al.
1980). The concept predicts that large rivers will be heterotrophic, with a
macroinvertebrate community dominated by collectors because they aieneffi
processors of fine particulate organic matter (Vannote et al. 1980). THe seria
discontinuity concept (SDC) suggests that dams lead to discontinuities in thedorait
characteristics predicted by the RCC, essentially resettingaiwelitions to that of a
more upstream site. The SDC predicts that ecosystems will recover fo@atdm
conditions (or conditions predicted by the RCC) with increased distance from the dam
and unregulated tributary inputs (Ward and Stanford 1983, 1995, Stanford and Ward

2001). System recovery has been evaluated by examining variables such astteeipe
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flow regime, substratum composition, species abundance and diversity, and ratios of

photosynthesis to respiration (Ward and Stanford 1983, Stanford and Ward 2001). The
ability of a system to recover may be influenced by the size and operational ntbde of
dam, the longitudinal placement of the dam along the river continuum, the distance
between dams, the size, number and discharge of unregulated tributary inputsnthe exte
of longitudinal, lateral and vertical connectivity between the river chamadel a

floodplains, and biome type (Ward and Stanford 1995, Stanford and Ward 2001).

Some systems downstream of dams may never recover (Stanford and Ward 2001,
Stevens et al. 1997). For example, in Grand Canyon, temperature, discharge and species
diversity do not recover before the river encounters another reservoir (8tantbward
2001, Stevens et al. 1997). Stevens et al. (1997) estimates that recovery of the thermal
regime to pre-dam conditions would require 930 km of river. Hoover dam is only 400 km
downstream of Glen Canyon Dam. The lack of recovery of the thermal regime in this
system may strongly influence the recovery of macroinvertebrate bisitiver

The Colorado River in Grand Canyon does not recover its thermal regime (i.e.
there is little downstream warming (Wright et al. 2009)). However, my data deatens
that macroinvertebrates consume tributary allochthonous carbon delivered to the
mainstem, which may be similar to pre-dam conditions. The “recovery” of thidapne
condition of reliance on tributary carbon is a novel metric for ecosystem recovery
downstream of a dam not previously considered in the SDC. This finding suggests that

there may be the potential for recovery of the food web dynamics (and possible
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concomitant increases in diversity), if other aspects of the river weged (i.e. thermal

or flow regime).
Conclusion

The aim of this study was to examine how macroinvertebrates diets vagllgpati
and temporally in the Colorado River downstream of Glen Canyon Dam. My data
demonstrate that tributary-derived allochthonous carbon and locally produced
autochthonous carbon are important food resources for downstream macroinvertebrates.
The macroinvertebrates in this system are generally opportunistitaféve feeders, and
their diets reflect changes in organic matter availabltyarcticums the most common
macroinvertebrate taxon in sites downstream of the tailwaters, perhamstdae ability
to consume allochthonous tributary carbon. Macroinvertebrate groups such as filter
feeders may recover to pre-dam conditions if thermal and flow regimes weredes
even if organic matter inputs from upstream were not restored, becauseathbg able
to effectively utilize tributary allochthonous inputs as a food resource.

Currently, more than 42,000 large dams obstruct rivers throughout the world
(ICOLD 1998). The United States contains over 5,000 large dams and ranks second only
to China in terms of the number of large dams (Benke 1990, ICOLD 1998). While these
dams provide a source of water and energy, they also alter the physical habitat
temperature and flow regime of rivers and contribute significantly to thediztypn of
our freshwater ecosystems (Baxter 1977, Ward and Stanford 1979, Petts 1984, Nilsson
and Berggren 2000). The decrease in the biotic integrity of rivers associtiddrge

dams has led to the extinction and endangerment of over two-fifths of freshalagsrifi
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the U.S. (McCully 1996). Given that removal of large dams is not usually an option

(Whitelaw and MacMullan 2002, Hart et al. 2002), effective management of dams is
essential to protect biotic integrity. Understanding which resources supportébsd w
may help to better manage dam operations to increase macroinvertebrate proddction a
even diversity and may ultimately aid in fish conservation. This research provides
evidence that macroinvertebrates in dammed systems are capable of dlafsrig

access changing resources. However, although the availability of foodoesour

dammed systems may recover toward pre-dam conditions due to tributaries, the
macroinvertebrate diversity and production may not recover without the restavati

physical characteristics (i.e. water temperature and flow regime)



CHAPTER TWO
EXPLORING A POTENTIAL PRODUCTIVITY SUBSIDY USING A NOVEL

TRACER IN THE COLORADO RIVER BELOW GLEN CANYON DAM
Abstract

In this study | examined algal taxonomic content of epilithon, epicremnon, seston,
and macroinvertebrate diet at six sites in the Colorado River downstream of &igonC
Dam to address whether primary production in the tailwaters may seavessurce
subsidy to macroinvertebrates downstream. To address this | attemptettify algal
species to use as novel tracers, to examine if algal cells produced atdeslwere used
as a resource by macroinvertebrates downstream. In addition, one indicates speci
(Fragilaria crotonensiKitton) was used to assess algal transport and survival, helping to
further address the potential for tailwater production to support downstream
macroinvertebrates. Tailwater algal assemblages consistentiediffem downstream
assemblages, allowing a list of species that could serve as potentialarsffoathe
tailwater and downstream sites to be identified. Although many of the speceeaate
common in the system, their specificity to tailwater or downstream sit@s them
useful indicators, and helped to identify the origin of macroinvertebrate food resolurc
concluded that macroinvertebrates residing in reaches of the Colorado River wel

downstream of Glen Canyon Dam consume a combination of tailwater and downstream

60
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(site-specific or tributary species) algae, but tailwater primargtymtion does not solely

fuel downstream macroinvertebrates, and may not serve as an important resource
subsidy. Algal indicators were useful subsidy tracers in this systemhianddthod may
be useful for addressing food web subsidy questions in other systems.

I ntroduction

In aquatic ecosystems the importance of resource subsidies from adjduets ha
and ecosystems has been well documented (Ward 1989, Bilby et al. 1996, Polis et al.
1997, Nakano et al. 1999). A basic tenet in stream ecology is that upstream and
downstream ecosystems are linked via the transport of nutrients and organic matte
(Vannote et al. 1980); therefore, upstream habitats can provide resource stbsidies
downstream food webs. Although the transport of resources from upstream reaches to
downstream ecosystems has been well documented (Fisher and Likens 1973, Angradi
1991, Cushing et al. 1993, Webster et al. 1999, Wipfli et al. 2007), the extent to which
these resources are exploited or subsidize downstream food webs is les® o derst
still requires further research (Wipfli et al. 2007).

Recently, food web studies in stream ecosystems have focused on examining the
potential importance of the exchange of resources between the stream aanl zipae
(Nakano and Murakami 2001, Power 2001, Baxter et al. 2005). In large rivers,
particularly in dammed systems, downstream food webs can also be subsidized by
resources from lakes and reservoirs (Petts 1984, Doi et al. 2008, Mercadd-8ilva e
2008); however, the importance of the subsidy may decline as distance frosetiveire

increases (Ward 1975, Doi et al. 2008, Mercado-Silva et al. 2008). Similar to reservoir
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subsidies, the productive tailwaters downstream of dams may also provide aeresourc

subsidy to downstream ecosystems. For example, in the Colorado River, the ioomplet

of Glen Canyon Dam in 1963 substantially reduced sediment loads in the river,
increasing light levels and algal production in the tailwaters below the Si@vegs et al.
1997). Food web analyses in this system have focused on the importance of tailwater-
produced autochthonous resources for macroinvertebrates (Pinney 1991, Shannon et al.
1994) and it has been suggested that the highly productive tailwater below GlemCa
Dam may be a resource subsidy to downstream food webs (Blinn et al. 1994, Walters et
al. 2000). However, downstream food webs may also be fueled by local primary
production and inputs of organic matter from tributaries. Tributary flooding contributes
approximately 500,000 metric tons of particulate organic matter to the mainstieen of
Colorado River annually (ca. 50 times the amount of algal production) (Kennddy et a
unpublished data) and evidence indicates that this organic matter is exploited by
macroinvertebrates and fish downstream of tributary confluences (Angradi 198veB

al. 1998, Wellard Kelly (Chapter 1), Zahn et al. unpublished data). Furthermore,
epiphytic diatoms ofladophora glomeratdl.) Kitz., the dominant filamentous alga in

the tailwatershave been shown to be heavily exploited by macroinvertebrates in the
tailwaters (Pinney 1991, Stevens et al. 1997). Downstream of the tailvéatgismerata
densities decline significantly (Carothers and Brown 1991). The extent to which
autochthonous production in the tailwaters of Glen Canyon Dam subsidizes food webs

downstream is not currently known. Data presented in Chapter 1 suggest that, during
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monsoons especially, downstream macroinvertebrates consume allochthonougsesourc

However, during seasons with lower turbidity, it is not clear if the algaemtres
macroinvertebrate diets is a resource subsidy from the tailwater esd #utochthonous
resources are producedsitu at downstream sites.

To resolve this issue, | used algal taxa with distributions limited to spau#ic
reaches as tracers, to examine if food resources from one area were ekl pitenary
consumers in another. Tracers have proven useful for addressing a number of important
ecological questions. For example, otolith microchemistry has been usedto trac
migration patterns and habitat use of fishes (Ingram and Weber 1999, Secor et al. 1995,
Clarke et al. 2007). Trace elements can help to identify the source, distribution and
accumulation of pollutants in a variety of ecosystems (Rizzutto et al. 2006y Badie
2006). Detection and dispersion of larvae of invasive invertebrate larvae in aquatic
systems has been accomplished using molecular-genetic markers (elaaze3009),
Transport length and uptake of particles in streams has been documented using radio-
labeled and fluorescently labeled particles (Cushing et al. 1993, Hall et al. 1996agh
et al. 2001, Newbold et al. 2005), and stable isotopes allow resource use and energy flow
through food webs to be tracked (Hamilton et al. 1992, Peterson 1999). Stable-carbon
isotopes {3C/*°C) are the typical tracers used in food web studies to distinguish which
basal resources are utilized by consumers (Rounick et al. 1982, Hamilton et al. 1992,
Rosenfeld and Roff 1992, Bastow et al. 2002), because terrestrial and aquatic gants oft
differ in theirs *C signature (Rounick and Winterbourn 1986). In addition, natural

variation in algab **C, attributed to differences in current velocity or algal productivity
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(Peterson et al. 1993, Finlay et al. 1999), can also help to spatially differdetiaten

utilization of algae produced in different habitats (Finlay et al. 1999).

Although, stable isotopes can be useful for elucidating spatial patterns in algal
resource use in some systems (Finlay et al. 1999), &td@lmay be less useful in
systems wher&**C signatures do not significantly differ among sites (France 1996) or if
there is great variability in algal*>C signatures (France 1995a). In particular,
identification of the basal resources used by consumers can be difficult whers thetr
sufficient separation or characterization of dietary end-members (fdaraihd Lewis
1992). For example, many aquatic consumers feed on fine particulate orgdaaic mat
(FPOM), a mixture of live algae, and detritus derived from algae, consumsy dece
terrestrial and aquatic plants (Hamilton and Lewis 1992). Therefore, widuiapic
separation of algal and detrital material it may be difficult to deterrtiie importance of
the different basal resources (Hamilton and Lewis 1992). These difficultiesdaate
that other tracers may be useful to address more specific questions io supsidy
studies.

A novel tracer may be particularly useful to examine if primary production in the
tailwaters is being exploited downstream, because the tailwater and deasmstr
ecosystems may support algal communities that differ in taxonomic conteni¢Ckaa
and Blinn, 1978). In particular, community assemblages in the tailwaters mexyfifh
downstream communities due to physical and chemical changes induced bwtributar
inputs. The serial discontinuity concept (SDC) predicts that tributaries deamsof

dams may ameliorate some of the physicochemical condition changesditgutdams
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(Ward and Stanford 1983, Stevens et al. 1997), inducing differences between tailwater

and downstream communities (Takao et al. 2008). Tributary inputs to the Colorado River
contribute high amounts of suspended sediment and organic matter, resulting in reduced
light levels and concomitant reductions in algal production (Yard 2003, Hall et al
unpublished data). Furthermore, water temperature in the Colorado River inaugthse
distance from Glen Canyon Dam (2-00) (Wright et al. 2009), a change that has been
shown to influence the species composition, growth, production and distribution of
aguatic communities (Vannote and Sweeney 1980, Blinn et al. 1989, Vinson and
Hawkins 1998, Arscott et al. 2001, Dallas 2008).

Changes in the physical and chemical characteristics of the Colorado River
induced by tributary inputs may lead to changes in the algal community asgernbla
the river (Czarnecki and Blinn, 1978). Algal communities, specifically diatoras, ar
important indicators of change in aquatic ecosystems (Dixit et al. 1992, McComlick a
Cairns 1994, Pan et al. 1996), and are useful for water-quality biomonitoring (Reavie and
Smol 1998, Rott et al. 1998, Stevenson and Pan 1999). The structure of benthic algal
communities can be affected by suspended sediment levels, light conditions, terapera
water chemistry, herbivory, flow conditions and disturbance (Peterson 1987, 8dihn e
1989, McCormick and Stevenson 1989, Hardwick et al. 1992, Pan and Lowe 1994, Pan et
al. 1996). Because algal communities reflect environmental conditions and respond
quickly to physical, chemical and biological changes, both communities and individual
species may be used as taxonomic indicators of environmental and habitat conditions in

rivers (Dixit et al. 1992, McCormick and Cairns 1994). Rare taxa or speciapsisi€s



66
that have narrow optima and tolerances to certain environmental variabldse{ixi

1992, Enache and Prairie 2002, Pither and Aarssen 2005)) may be useful indicators
because they may reflect specific environmental habitat or site conditions

In the Colorado River, if longitudinal variation in algal species composition
occurs, it may allow for certain species to be used as tracers. Aggae enportant food
resource for macroinvertebrates throughout the system (Wellard Kellptezha and
algal tracers may elucidate whether macroinvertebrates alorgntté lof the river rely
on algal production generated locally or on algae produced in the tailwaters of Glen
Canyon Dam and transported downstream (Figures 7 & 8). Similarly, if algal
assemblages in tributaries differ in taxonomic structure from those in theterai
(Czarnecki et al. 1976), tributary species representation in macroimatetelets would
also demonstrate the role of tributary inputs of autochthonous production to
macroinvertebrates in the Colorado River food web.

The objective of this study was to determine if species-level idenitiicat
algae can be used to elucidate whether macroinvertebrates rely on upstream food
resources versus site-specific/downstream food resources. Examimatioonaparison
of the algal communities comprising the epilithon (rock/cobble), epicremnoifitgalis),
seston, and macroinvertebrate diets, at six sites over the 226 mile stretchwartivas
used to assess the extent to which tailwaters provide a trophic subsidy to

macroinvertebrate communities downriver.



Algal Community 1

Figure 7. Effects of the dam and tributary inputs on algal communities.
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The research question addressed in this study was: Can species-level

identification of algae elucidate highly site-specific feeding verslisnce on tailwater
food resources, and more specifically: 1) Does algae from the tailwabeessurvive
downstream?; 2) Are there species which may be useful indicators foilvitadetes
versus downstream sites?; 3) Do macroinvertebrates downstream olitheetai
consume indicator species that originate from the tailwaters?; 4) Doimastebrates
downstream of the tailwaters consume indicator species that origimatel@wnstream
sites?

| predict the identity of algal species consumed by macroinvertebraitesif in
conjunction with longitudinal changes in the taxonomic content of algal assemblages in
the river (Hardwick et al. 1992). In addition, | predict that algal speci¢beaviiseful
indicators and will help to examine the importance of upstream and site-specifi
resources for macroinvertebrates. | also predict that tailwateraltjde able to
move/survive downstream, although in low numbers, and that downstream
macroinvertebrates will eat mostly downstream diatoms with limiteaLiats of tailwater
diatoms.
Methods
Study sites and sampling protocol

This study was conducted in the Colorado River (CR) in Grand Canyon, Arizona
(36° 03'N, 112° 09' W). Six sites were sampled over a 226 mile (363 km) reach
downstream of Glen Canyon Dam (GCD) (Figure 2). Sites were seleced ba

general canyon characteristics, the location of major tributary inputs|enee of
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humpback chub populations (RM 62 and 127), and based on their long-term use as

sediment and geomorphology monitoring sites (RM 30, 62 and 127). The first site, Lee’s
Ferry (RM 0) is located in Glen Canyon and encompasses a 15.7 mile (25 km) reach
extending from the downstream end of the Glen Canyon Dam to Lee’s Ferry. This
tailwater reach is above the confluence of the Paria River, and is congiktenith
turbidity. The five downstream sites are located in the Grand Canyon, frobleMa
Canyon to Diamond Creek. The second site, RM 30, is located in the Marble Canyon
section (Redwall gorge reach) of the Grand Canyon, approximately 29 miles g@ammnstr
of the Paria River, the first major tributary below the dam. The third site, RM 62, i
located in the beginning of the Central Grand Canyon section (Furnacedli} below
the Little Colorado River (LCR), the largest tributary. The fourth site, RM $2als0
located in the Central Grand Canyon section (Middle granite gorge reac) el
number of smaller tributaries including Bright Angel, Shinumo and Fossil Crébks
fifth site, RM 165, is located in the Western Grand Canyon section (Lower cangbi rea
below Tapeats, Kanab and Havasu Creeks. The final site, RM 225, is also located in the
Western Grand Canyon section (Lower granite gorge) and extends to DiameRkdaCre
small tributary). Sites, RM 30 and 62, are located in wider sections of the camyon
sites, RM 127 and 165, are within the narrowest canyon sections (Stevens et al. 1997).
Algal assemblage analysis

The taxonomic structure of algal assemblages were quantified from seston,
epilithic (rock/cobble faces), and epicremnic (cliff faces) sampleacht ef the six

collection sites during January 2007. These results were compared to alga¢heithi
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guts ofSimulium arcticunandGammarus lacustrisollected from the same sites, during

January 2007, to assess whether macroinvertebrates rely on upstream resources
(produced in the tailwater reach below Glen Canyon) or site specific downstrea
resources. In addition, separating out algal communities from seston, epildhic a
epicremnic habitats allowed for assessment of specific locations obimaartebrate
feeding activity.
Resource and macroinvertebrate collection

Suspended fine particulate organic matter (seston) composition samples (two t
three per site and date) were collected from the thalweg at each sieibyg siver water
through a 25Q:m sieve and filtering ca. 40-300 ml onto 04%-grided Metricel®
membrane filters (Pall Corp., Ann Arbor, MI). Epilithic biofilms were ped from two
to three rocks collected from the river bed and from two to three a#kfausing a
scraping sucking device. A 30-40 ml subsample of biofilm slurry from individual rocks
and cliffs was preserved in the field with Lugol’s solution (Prescott 1978)
Macroinvertebrates were haphazardly collected throughout the reachesiofsitess
preserved in Kahle’s solution (Stehr 1987) in the field, and returned to the lab for gut-
content analysis.
Resource composition slide preparation

To examine the taxonomic structure of algal assemblages available for

macroinvertebrate consumption, | quantified the relative abundances oézgads
collected from the seston and epilithic and epicremnic biofilms. For epilithic and

epicremnic biofilms, I filtered 0.1-5.0 ml subsamples from preserved ficlectiohs
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onto 0.45um gridded Metricel® membrane filters (Pall Corp., Ann Arbor, MI). Seston,

epilithic and epicremnic filters were mounted on slides for preservation ugegB
immersion oil for subsequent enumeration. Two to three slides were analyzed as
replicates for each habitat at each site.
Macroinvertebrate slide prepartion
Gut-content analysis (Rosi-Marshall and Wallace 2002) was used to examine the

taxonomic structure of algal assemblages in the diets of Simulium ardiicsecta:
Diptera: Simuliidae) and Gammarus lacustris (Crustacea: Amphipodan@adae.
Simulium arcticunwas selected for algal assemblage analysis because theyeare filt
feeders and their diets may reflect algae that are transported in theohaten.G.
lacustriswas selected because they are shredders that feed on the benthos and prefer
epiphytic diatoms in this system (Pinney 1991); therefore, their diets magtadne
transport and deposition of algae from upstream sites. Dissected gut contendsame
onto (25mm, 0.4f%m) gridded Metricel® membrane filters (Pall Corp., Ann Arbor, MI)
and mounted on slides for preservation using Type B immersion oil. | used guts from one
to four individual macroinvertebrates for each slide. Two to three slides nayzead
for each taxon at each site.
Microscopy

Algal species were identified at 1000x magnification using an Olympus BX50 or
BH2 microscope equipped with a camera for image analysis. The following taxonomic
references were used for identifications: Czarnecki and Blinn (1977), Ckaamnel

Blinn (1978), Patrick and Reimer (1966), Patrick and Reimer (1975). At least 300 valves
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were identified from each slide or ten full transects were scanned, whichoeuered

first. During identification each valve was recorded as live or deaddmiaing intact
chloroplasts. All calculations included both live and dead cells unless otherwise noted.
One to three slides were analyzed for each habitat (seston, epilithon aedepity at
each site, and gut contents were quantified from two to three slides for each
macroinvertebrate taxon at each site. The relative abundance of individuapelgats
was calculated for each sample and used to calculate the mean relativeneburidach
algal species at each site, for each habitat and macroinvertebrate taxa
Algal movement and survival

To address whether algae from the tailwaters are transported and survive
downstreamFragilaria crotonensiKitton, a dominant planktonic diatom in Lake
Powell and its tailwaters, was selected from seston samples to sartraear for
autochthonous tailwater production. The total number of live versus/deadtonensis
cells per milliliter of filtered seston was compared across a#l,diteassess the potential
for tailwater algae to move and survive downstream and be consumed by
macroinvertebrates. The relative contributior-otrotonensigo the total number of
cells in a seston sample was calculated to compare to the proportions measured in
macroinvertebrate diets.
Algal transport distance and deposition velocity

To estimate longitudinal displacement of algal cells downstream and determine
how quickly it may be deposited on the benthos or destroyed, | used methods described in

Thomas et al. (2001). | calculated the expected transport distafoé (& tailwater-
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indicator species;. crotonensisusing the formula, S= 1/ K,,, where K, represents the

longitudinal loss rate of a particle and is the slope of the linear regresshenradttiral
logarithm of the average numberkafcrotonensisells with distance downstream from
RM 0 to RM 62. | only used the first three sites (RM 0, RM 30, and RM 62) for the linear
regression, to minimize the sampling of different pulses (days) of wagewéter

released from the dam on Monday, was collected at RM 30, but water releasdiaefrom
dam on Tuesday was collected at RM 62). Deposition velociy)(Was also calculated

for F. crotonensisto examine how quickly it may be deposited on the benthos or
destroyed. WepWas calculated using the formulagey= Vwad/ Sp, where \j:andd

are mean water velocity and depth, respectively (Thomas et al. 2001). The meran wat
velocity during January 2007 was calculated for the RM 0, 30 and 62 reaches, and the
average velocity of the reaches, 0.9'msas used for the depositional velocity
calculation. The mean depth, 6.8 meters, used in this calculation, was calculated as t
average depth of the RM 0, 30 and 62 reaches.

Algal species as indicators of tailwater production

Seston, epilithon, epicremnon and macroinvertebrate algal community comparisons

A variety of techniques were used to assess whether species-levelddeotifof
algae can elucidate highly site-specific feeding versus reliance onaupstsources. |
examined the algal community to find algal indicators of: 1) specific @tdg found at

that site), 2) specific habitats, 3) tailwater exclusively, and 4) downstegalusively.
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Multivariate analyses

The taxonomic structure of algal assemblages at six sites for each rsstan (
epilithon, epicremnon) was compared using detrended correspondence analysis (DCA
Hill and Gauch 1980) with the program DECORANA (Hill 1979). DCA analyses were
conducted comparing assemblages at all six sites in the seston, epilithon aerdregmcr
Mean DCA axis scores generated from replicate site samples for eatzt Wvaie
plotted in ordination space based on the relative abundance of common taxa. Algal
species were included in the analysis if they comprised an averadkeret percent of
the assemblage erthree percent of the assemblage in one replicate, but were also
present in all three replicates. Ordination biplots of species scores wteel pl
concurrently to examine which species contributed to assemblage differf8peeges
that contributed to differences among sites were considered potentialondgeties for
tailwater and downstream sites. The presence/absence of these species in
macroinvertebrate diets may indicate where macroinvertebrates areractheir
resources.

Area plots/dominant taxa

Area plots of relative abundances of common taxa in the assemblages (the same
taxa used for DCA) at the six sites were used to examine community patteériaos a
compare the longitudinal trends for individual algal species and assemblages, among
habitats. Area plots revealed which common taxa may be useful tailwater and

downstream site indicators, based on their changing abundance throughout the system
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Rare taxa as indicators

| developed a standard process to identify rare taxa that may be usefubnsdicat
of tailwater production (Figure 9). All species that were found exclysinghilwater
samples were classified as tailwater indicators. Species fouhtsieety in one of the
three habitats, or was dominant in that habitat relative to other habitatspuvibes f
classified as tailwater indicators of seston, epilithon, or epicremnon. Feuvést
generated from this analysis: 1) Tailwater indicator species, 2) Sagteatér indicator
species, 3) Epilithic tailwater indicator species, and 4) Epicremhicatar indicator
species. Taxa were also selected as tailwater indicators, if preskatseston at
upstream and downstream sites, but only present in the epilithon or epicremnon upstream.

The same process was used to identify downstream (non-tailwater) indicator
species (Figure 9). First, all species that were found exclusively in deamssamples
were classified as downstream indicators. Next, species werdiethas specific habitat
indicators (seston or hard substrate). Hard substrate indicators were ¢latisdred as
epilithic or epicremnic downstream indicators. Finally, all species ftthas
downstream indicators were compared to macroinvertebrate diet algabtesges. If a
species identified as a downstream indicator was present in the diet of a
macroinvertebrate from the tailwaters, it was discarded. Also if aespeis never
identified in the diet of a macroinvertebrate it was also discarded, as ¢neyot useful
for determining if macroinvertebrates acquire their resources from hvatetis or

downstream sites.
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Figure 9. Flow chart used to classify tailwater and downstream indsjagores.

Relative contribution of tailwater indicator species to macroinverelpraduction

Surface areas for each algal species were estimated from ledgthcth
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measurements of greater than ten cells for common species and from oneédbsfifce c

rare species (note: geometric formulae approximating cell shapes wespphéd for

circular and elliptical shaped cells, all other cell surface areasegtimated as the

product of the length and width). The relative surface area of each algasspeasi

calculated for each macroinvertebrate diet.
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The proportion each tailwater indicator species comprised of the total sarézce

in each macroinvertebrate’s diet algal assemblage was used totedllcalpercent area
each tailwater indicator species comprised relative to the area of athieleptypes (ie
amorphous detritus, leaf material, other diatoms) consumed by each taKhgépber 1).
Food-specific assimilation efficiencies (percentage of a food typathat
macroinvertebrate is able to assimilate) and net production efficienoiest{enate of the
ratio of tissue production to energy assimilation) were used to estimatsatieer
contribution of food types and tailwater indicator diatoms to production (see Chapter 1).
The relative contribution of each tailwater indicator diatom to macroinvateebr
production was calculated for both the tailwaters and downstream sitesinatesgtie
amount that tailwater diatoms may subsidize downstream macroinvertebrates
Results

In this study, 159 algal species were identified from the sestonic, epiditidc
epicremnic algal assemblages, and in the die& afcticumandG. lacustris.Of these,
155 species were diatoms and four species were filamentous green algae.tbespite
relatively high species richness, fewer than 26 species comprised ovec&d pémost
communities (Figures 10, 11, and 12). Ultimately, five taxa were idehtiidailwater
indicators and of these five, only two were present solely in the tailwaterseSion
tailwater indicatorf. crotonensiswas chosen to assess the transport and survival of
algae downstream, because of its planktonic nature and dominance in the tailstater se
community. Nine taxa were identified as downstream indicators, seven of wérieh w

identified to species level.
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Longitudinal transport and survival of Fragilaria crotonensis

Both live and dead cells &f crotonensisvere encountered in downstream sites,
but in much lower numbers than in tailwaters (Figure 13). Beadotonensigcells
comprise 92 percent of total crotonensigells in the tailwaters. The densities of dead
F. crotonensizells decrease at downstream sites (Figure 13). Live cells cenapilis
eight percent of totdf. crotonensigells in the tailwaters and the density of Ike
crotonensigells increased at some downstream sites (Figure 13). In addition to the
decline ofF. crotonensisn the seston, it also declines as a proportion oStharcticum
diet algal assemblage (Figure 14). In the tailwaters, 26 percent oftallgsinS.
arcticumdietsareF. crotonensigFigure 14). At downstream sites, it is less than four

percent of all particles consumed ®yarcticum(Figure 14).
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Figure 13. Mean number and standard deviation (SD) of live and/deadtonensis

Kitton cells per milliliter of filtered suspended organic matter (seston) &iteix
downstream of the dam. Seston samples collected at each site were sarfiptens di
pulses of water released from the dam (i.e. we did not follow and sample the seame wat
at each site in the Canyon).
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I Percent F. crotonensis in algal fraction of seston
[ Percent F. crotonensis in algal fraction of S.arcticum diet
B Percent F. crotonensis comprises of total particles in S.arcticum diet
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Figure 14. Mean percent and standard deV|at|on (SB) afotonen5|$<|tton in the

seston algal assemblage, &drcticundiet algal assemblage, at six sites downstream of
the dam. And the mean percéntcrotonensicomprises of total particles B. arcticum

diets at six sites downstream of the dam.

Percent F.crotonensis

Algal transport distance and deposition velocity

| estimated that cells &. crotonensisoriginating from the tailwater or outflow
of Lake Powell into the Colorado River travel, on average, approximately 15% mile
downstream before deposition on the benthos, or destruction via loss by mechanical
disruption or ingestion by macroinvertebrates, occurs. The depositional vétoaiyr.

crotonensiscell was calculated to be 0.24 mih s
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Dominant taxa as indicators

Determination of seston indicator species

DCA analysis of seston algal assemblages at the six sites revetdeehdiés
between algal assemblages in tailwaters and downstream assenibigiges1(’).
Downstream sites fell into similar ordination space, negating the abilithentify useful
downstream indicator taxa for individual downstream study reaches. The ¢ailwat
assemblage separated from the downstream assemblages based onetifiertec
relative abundances of the following taka:crotonensisDiatoma vulgareBory,
Ellerbeckia arenarigMoore) R.M. Crawford Cymbella lunatdV. Smith Nitzschia
dissipata(Kutzing) Grunow Fragilaria sp.4, and green algae zoospores (Figure ©O5)
these Fragilaria crotonensisontributed most strongly to the tailwater. Based on the
DCA resultsF. crotonensisD. vulgare,andE. arenariawere classified as tailwater
seston indicators. When downstream sites were considered collectively dititesnal
taxa were classified as downstream seston indicafotsnatg N. dissipataand
Fragilaria sp. 4.

Examination of relative-abundance data of common sestonic taxa (E@ure
allowed refinement of species indicator lists. As a result of this sinatientity of seston
tailwater indicators remained unchanged, but, finer, more reach-spemti¢h shown
parenthetically) identification of downstream indicator taxa was posSibése included:
Fragilaria sp.4 (RM 62); Amphora perpusillgGrunow) GrunowRM 125);C. lunata

andN. dissipata RM 225).
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Figure 10. Area plot of dominant taxa (mean 8% of the assemblage) in seston at six
sites downstream of the dam (see appendix B: Appendix 2.2 for abbreviations).
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Figure 15. A) DCA ordination of mean (SD) sample scores for seston in January 2007 at
six sites downstream of dam. Eigenvalues for axis 1 = 0.362; for axis 2 = 0078. B)
Corresponding species scores (see Appendix B: Appendix 15 for abbreviations).
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Determination of epilithon indicators

DCA analysis of epilithic algal assemblages at the six sitaslgleeparated algal
assemblages in the tailwaters from those downstream, with the greptestisas
between the tailwaters and RM 30 and 62 (the sites below the two largestigg)utar
(Figure 16). Differences were driven by the following taagilaria sp.4, Nitzschia
denticulaGrunowDenticula elegan&ltzing, Synedra uln&Nitzsch) EhrenbergD.
vulgare, A. perpusillaReimeria sinuatg§Gregory) Kociolek & StoermeEncyonema
prostratrum(Berkeley) Kitzing E. arenaria, Nitzschia fonticol@Grunow) Grunowand
Gyrosigma spencerét varieties Fragilaria sp.4, N. denticul@D. eleganKitzing, S.
ulna, andD. vulgarewere classified as tailwater indicators; aaderpusilla, R. sinuata,
E. prostratrum E. arenarig N. fonticola,andG. spenceriet varieties, were classifies
downstream indicators.

Examination of relative-abundance data of common epilithic taxa (Figyre
allowed refinement of species indicator lists and more reach-sp@oiation shown
parenthetically) downstream indicator taxa were identified. Four additiomanstream
indicator taxa were also identified. These includedperpusilla, E. prostratrurfRM 30
and 62);N. dissipataN. fonticola,andG. spenceriet varieties (RM 127 and 1633,
sinuata, Navicula cryptotenellaange-BertalgtCymbella affinisitzing, andNavicula

tripunctata(O.F. Muller) Bory(general downstream indicators).
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Figure 11. Area plot of dominant taxa (mean 8% of the assemblage) in epilithon at
six sites downstream of the dam (see appendix B: Appendix 2.2 for abbreviations).
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Figure 16. A) DCA ordination of mean (SD) sample scores for epilithon in January 2007
at six sites downstream of dam. Eigenvalues for axis 1 = 0.632; for axis 2 = 0.170. B)
Corresponding species scores (see Appendix B: Appendix 15 for abbreviations).
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Determination of epicremnon indicator species

DCA analysis of epicremnic algal assemblages at the six sites sdpgate
assemblages in the tailwaters from those downstream. Among downstream site
assemblages separations also occurred, with RM 30 and 62 separating from RM 127, RM
165, and RM 225 (Figure 17). The tailwater assemblage separated from the downstream
assemblages based on differences in the relative abundances of the fobowaing t
Martyana martyi(Héribaud) F.E. Round;occoneis placentulaar. euglypta(Ehrenberg)
Grunow, and-ragilaria sp. 4. River mile 30 separated from other downstream
assemblages based on differences in the relative abundatcesrenariaand
Pinnulariasp.1, and RM 62 separation was driven by green algae zoospores.

Examination of relative-abundance data of common epicremnic taxadHigur
also allowed refinement of species indicator lists and more reacliislecation
shown parenthetically) downstream indicator taxa to be identified. Theadaxcl
Pinnulariasp.1 andEncyonema auerswaldiabenhors(RM 30); green algae zoospores
(RM 62); N. tripunctataandNitzschia palegKutzing) W. Smith(RM 127); Melosira
variansC. AgardhandNitzschia kutzingianglilse (RM 165); Cymbella mexicanéehr.)

Cleve (RM 225)N. dissipataandSynedrasp.1 (general downstream indicatars)
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Figure 12. Area plot of dominant taxa (mean 8% of the assemblage) in epicremnon at
six sites downstream of the dam (see appendix B: Appendix 2.2 for abbreviations).
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Figure 17. A) DCA ordination of mean (SD) samples scores for epicremnon inyJanuar
2007 at six sites downstream of dam. Eigenvalues for axis 1 = 0.461 ; for axis 2 = 0.272.
B) Corresponding species scores (see Appendix B: Appendix 15 for abbreviations).
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Overall, DCA and area plots were useful for identifying common taxa that

contribute to assemblage differences and may be useful tailwater ortadzamms
indicators. However, most of the taxa identified as possible indicators usimgetied
were still present in both the tailwaters and at downstream sites. Tleerghan
indicators were identified in macroinvertebrate diets it was impossilaenclude the
original source of the species (i.e. tailwater versus downstream). Onlgdioumon taxa
(F. crotonensis, G. spencesit varietiesN. kutzingianaM. marty) identified using this
method were included in the final indicator species list (Table 12). These comxaon t
were still determined to be useful indicators based on their relative abundanee
assemblage and dominance at sites. Specifidaligrotonensisvas still considered a
useful tailwater indicator because it is the dominant planktonic diatom found in lower
Lake Powell (Czarnecki and Blinn 1977) and in the tailwaters, and because gdnerally
crotonensisiumbers progressively decline as distance from the dam incri¥hseartyi
was also included because it comprises five percent of the tailwater apicrem
assemblage and was only found once at a downstream site during thisstsjolgncerii
et varieties andll. kutzingianawere still included as downstream indicators because they
are only present at downstream sites and are never present in the tailwaters
Rare taxa

Examining the prevalence of rare taxa (taxa that did not comprise gteater t
three percent of the algal assemblage, and therefore were excludeddrb@A and
area plot analyses) was also useful for identifying tailwater and d@ansindicators,

and more rare taxa indicators were identified than dominant taxa indicator$ic8iec
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the following three taxa were identified as tailwater indicat@nsphora pediculus

(Katzing) Grunow ex A. SchmidBrachysira vitrea(Grunow) R. Ross, andiatoma
tenuevar. elongatuniyngbye, and the following seven taxa were identified as
downstream indicatorditzschia apiculatdGregory) GrunowNitzschiasp. 9,Surirella
ovalis BrébissonCymbella cymbiformisar. nonpunctateFontell, Frustulia vulgaris
(Thwaiteg De Toni,Gyrosigma eximiumThwaiteg Van HeurckandCraticula
accomodgHustedt) D.G. Mann (Table 12).
Final list and consumption by macroinvertebrates

The final indicator species list is a combination of the four dominant taxa and ten
rare taxa (Table 12). Five taxa were identified as tailwater irmgand nine as
downstream indicators (Table 12). Following final designation, each indicasocness
referenced with the algal assemblageS.adrcticumandG. lacustrisdietsto examine
whether downstream macroinvertebrates eat tailwater and/or downstigssen For
example, if downstrear8. arcticumdiets contained taxa that were classified as tailwater
indicators, thers. arcticunobtains some of their food resources from the tailwat&. If
arcticumalso consumes downstream indicators, then they are also obtaining resources

from downstream sites.
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Table 12. Final list of tailwater and downstreaigahindicators, the habitats they are indicatorstaf sites
where they are consumed by downstream macroinvates) and the percent of production attributadle t
each indicator. Numbers in parentheses represemeitent of the community the indicator represkimehe
diet* and the percent of production attributableéeh indicator** .

Percent of S. Percent of
arcticum G. lacustris
Sitewhere | production Sitewhere | production
Fuels S. arcticum | attributable Fuels G. lacustris | attributable
Habitat |downstream | consumed to downstream | consumed to
indicator | S.arcticum taxa* indicator ** | G. lacustris taxa* indicator**
Tallwater
indicator
RMO (55.7) | RM 0 (33.5)
RM 30 (15.3) RM 30 (5.92
RM 62 (8.80)| RM 62 (3.00
RM 127 (4.60|RM 127 (1.32
Fragilaria RM 165 (1.60|RM 165 (0.42
crotonensis Seston YES RM 225 (9.60)RM 225 (3.67] NO RM 0 (7.20 RM 0 (0.23)
RM 0 (0.07) | RM 0 (0.27)
RM 30 (0.20)] RM 30 (0.38
Amphora Epicremnorp RM 62 (0.09)] RM 62 (0.16
pediculus Epilithon YES RM 127 (0.14)RM 127 (0.18 NO RM 0 (0.10] RM 0 (0.34)
RM 0 (0.09) | RM 0 (0.01)
RM 30 (0.35)] RM 30 (0.04
RM 62 (0.32)] RM 62 (0.02
Epicremnon RM 127 (0.21|RM 127 (0.02
Martyana martyi| Epilithon YES RM 165 (1.70)RM 165 (0.07 NO RM 0 (0.10) RM 0 (0.01)
RM 0 (0.96) | RM 0 (0.38)
RM 165 (0.11|RM 165 (0.02
Brachysira vitreg| Epicremnon YES RM 225 (0.18)RM 225 (0.04) NO RM 0 (3.35 RM 0 (1.09)
RM 0 (0.18)| RM 0 (0.11)
RM 30 (0.51)] RM 30 (0.21
RM 62 (0.30)] RM 62 (0.11
Diatoma tenue RM 127 (0.14|RM 127 (0.04} RM 30 (1.30)] RM 30 (0.28
var. elongaturr | Epilithon YES RM 165 (0.32)RM 165 (0.09 YES |RM 127 (0.72)RM 127 (0.18
Downstream
indicator
Nitzschia
apiculata Seston YES RM 165 (0.3[f) RM 165 (0.P6) NO - -
Nitzschia Epicremnor)
kutzingiana | Epilithon YES RM 165 (0.19) RM 165 (0.02) NO - -
Nitzschiasp. ¢ Seston NO — — YES RM 62 (0.3l) RM 62 (0.91)
RM 62 (2.05)] RM 62 (1.57)
RM 127(0.14)RM 127 (0.09
Surirella ovalis Seston YES RM 165 (0.52)RM 165 (0.3 YES RM 165 (0.85) RM 165 (0.417)
Cymbella
cymbiformisvar. RM 30 (0.08)] RM 30 (0.05
nonpunctata Seston YES RM 127 (0.07)RM 127 (0.03} YES RM 30 (0.23) RM 30 (0.08)
Seston RM 62 (0.32)] RM 62 (0.13
Frustulia vulgarig Epicremnon YES RM 225 (0.27)RM 225 (0.13} NO — —
,-l RM 127 (0.93|RM 127 (0.31} RM 30 (0.59)] RM 30 (0.12)
Gyrosigma | Epicremno RM 165 (0.39|RM 165 (0.12 RM 62 (2.70) RM 62 (1.76
eximium Epilithon YES RM 225 (0.22)RM 225 (0.10 YES |RM 225 (0.37)RM 225 (0.11
Gyrosigme RM 127 (0.20|RM 127 (0.29
spenceriiet | Epicremnon RM 165 (0.10|RM 165 (0.13}
varieties Epilithon YES RM 225 (0.54)RM 225 (1.02] NO — —
Craticula
accomode Seston YES RM 165 (0.2p) RM 165 (0.p3) NO - —
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Tailwater macroinvertebrates consumed tailwater indicators and downstream

macroinvertebrates consumed both tailwater and downstream indicators fi@¢ tlheaa
identified as tailwater indicators, all five were consumed by macrdeiw@tes in both
the tailwaters and at downstream sites (Table 12); however, only the colsuaipt
crotonensidy S. arcticumchanged substantiallgimuliumarcticumat downstream
sites, contained tailwater indicators in their guts, though in low numberanbésti that
in the tailwaters 34 percent 8f arcticunproduction is attributable to diatoms identified
as tailwater indicators (Table 12, Figure 18) Of the tailwater indigaorsotonensis
contributed the greatest amountoarcticuntailwater production (33 percent) (Table
12, Figure 18). At downstream sites, tailwater indicators contribute lassékian
percent to downstreaf. arcticumproduction, withF. crotonensisontributing the
greatest amount to production (0.5 - 6 percent) amongst the five tailwatetanslica
(Table 12, Figure 18). The percent®farcticumproduction attributable to tailwater
indicators is highest at RM 30 (6.5 percent), declining to less than 3.7 percent atrall othe
downstream sites (Table 12, Figure 18). In addit®rgrcticumconsumed species that
were identified as seston indicators, but also consumed species that wefieddesnt
indicators of the epilithon/epicremnon (Table 12).

In contrast td5. arcticumG. lacustrisrarely had tailwater indicators in their guts
at downstream sites. Tailwater indicators contribute@.t@custrisproduction at only
two downstream sites (RM 30 and RM 127) (Table 12, Figure 19) and contributed the
greatest amount 3. lacustrisproduction at RM 30 (0.3 percent) (Table 12, Figure 19).

G. lacustrisalso consumed species identified as seston and epilithon/epicremnon
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indicators, and in general consumed more epilithic/epicremnic indicator splesne

seston indicator species.
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Figure 18. Percent @&. arcticunproduction attributable to tailwater indicator diatoms,
and all other non-indicator diatoms, at six sites downstream of the dam.

S. arcticunconsumed all five tailwater indicators at downstream sites; however,
G. lacustrisonly consumed one tailwater indicator at a downstreanxsitenuevar.
elongatumsS. arcticuntonsumed more of the downstream indicators at more sites than
G. lacustris. S. arcticurmonsumed eight of the nine downstream indicators at

downstream sites arté. lacustrisconsumed four.
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Figure 19. Percent @. lacustrisproduction attributable to tailwater indicator diatoms,
and all other non-indicator diatoms, at six sites downstream of the dam.
Discussion
Summary of results

In this study, 167 algal species were observed, collectively, in the seston,
epilithon, epicremnon and in diets of macroinvertebrates to examine theaftili
employing a novel tracer to examine a resource subsidy. | identifiechber of
common and rare tracers and used these tracers to address a previously unanswered

guestion. Results from this study provide evidence that tailwater (or reseemved
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algae are consumed by downstream macroinvertebrates, although taihdeiztiors

comprised less than 16 percent of diets and contributed less than 7 percent to
macroinvertebrate production at downstream sites. Filter-feeding maer@brates like
S. arcticumare better suited to utilize upstream tailwater resources than scrageisss
G. lacustris which feed more locally. This technique may have general applicability to
other systems as well.
Algal downstream transport and survival

A euplanktonic species,. crotonensiswas a useful indicator for this calculation,
because the source is most likely from Lake Powell inputs, it is most comrttom i
upper reaches, and its population is low throughout the canyon (Crayton and Sommerfeld
1979, Czarnecki and Blinn 1978). During downstream transport, mechanical destruction
of plankton in the water column can occur via the grinding action of riffles and rapids
laden with silt (Chandler 1937, Hartman and Himes 1961, Cushing 1964) and the decline
in the average number Bf crotonensislead cells may be due to degradation and
destruction by rapids. In addition, because plankton can adhere to leaves and other
suspended particles and debris; inputs of organic matter from tributariescosdgrate
the settling and deposition of plankton onto the benthos (Chandler 1937). However, it is
unlikely that deposition is responsible for observed patterns of longitudinal deckne of
crotonensisas this taxon was rarely found in epilithic or epicremnic samples. In fact, the
average number of live cells Bf crotonensisncreases at RM 127. Despite the increase
in live F. crotonensigells at RM 127 and 165, this taxon comprised a small percentage

of both seston an8. arcticundiets at downstream sites. The decline in sestonic
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representation may have been due to: 1) degradation or deposfooarofonensior, 2)

dilution due to an increase in other diatoms from downstream sites or from epiphytes
detaching from driftingC. glomerata

The increase in live cells at RM 127 and RM 165 may be due to a number of
factors: 1) there is a source populatior-otrotonensigrom a tributary above RM 127;
2) the live cells which survive through the rapids are reproducing downstream; 3)
because we are sampling different pulses of water at each sitee(iaee not tracking the
same pulse of water) there may have been moré-liceotonensigells transported from
the tailwaters in the pulse of water we sampled at those sites. In additanséelaily
discharge fluctuates in this system, increased discharge on some dapsnease the
transport distance of plankton from lake outlets (Ward 1975, Armitage and Capper 1976,
Vadeboncoeur 1994). The increase in live cells suggest®tonensiss capable of
reproducing downstream or there are tributary source populatiéhcgtonensis;
however, there is little evidence to support these hypothesesotonensiss a
euplanktonic diatom that is present in Lake Powell (Czarnecki and Blinn 1978) and
dominates the seston community in the tailwaters but not downstream. The
phytoplankton population in the river is dominated by tychoplankters (periphytic
organisms that become entrained in the water column due to turbulence, sloughing of the
filamentous algae to which they are attached, etc.) and few euplanktonic (og#mas
spend most or all of their lives as plankton) species, beBidastonensisare present in
the river (Crayton and Sommerfeld 1979). Therefore, the likelihood of a source

population from one of the low discharge tributaries seems low especially bécause



95
crotonensiss typically planktonic, and there are not significant lakes and dams in

tributaries. The lakes and dams that are in tributaries are high in thslveatand are
connected to the mainstem only during times of extreme flooding. Furthermore, no
source population from tributaries has been reported. Extensive sampling ofyributar
seston algal assemblages would help to clarify the source of live cellsradtdmam

sites. Turbidity, low water temperatures, high current velocity, and high véyiatil

water levels may also inhibit the production of euplanktonic diatoms at downstteam si
(Crayton and Sommerfeld 1979). Crayton and Sommerfield (1979) concluded there is
insufficient time for reproduction of plankton in the Colorado River due to the high flow
and short travel time of water through the canyon (ca. 3-4 days from Lala Rohake
Mead); therefore, reproduction Bf crotonensiglownstream seems unlikely. The
sampling of different pulses of water, with potentially different startorgcentrations of
live F. crotonensigells, at each site, may be the most plausible explanation for the
increase.

The decline irF-. crotonensigprovides evidence that the transport of
phytoplankton progressively declines as distance downstream increakses, an
tailwater/lake resource use by macroinvertebrates also declinasgBlg A number of
studies document the decline of zooplankton (Ward 1975, Armitage and Capper 1976,
Sandlund 1982, Palmer and O’Keeffe 1990, Walks and Cyr 2004) and phytoplankton
(Maciolek and Tunzi 1968, Walks and Cyr 2004, Sabater et al. 2008) as distance
downstream from lakes or reservoirs increases. Likewise, recent foostwaids using

stable isotopes, document that the importance of reservoir plankton subsidies to
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downstream food webs declines with downstream distance from reservoirg éDoi e

2008, Mercado-Silva et al. 2008). Doi et al. 2008, estimated that zooplankton released
from Kanogawa Dam contributed significantly (from 20 -100 percent) to thealiets
collector-filterer macroinvertebrate diets 0.2 km below the dam, but within 10 km
contribution to macroinvertebrate diets decreased substantially (from O -cédiper

A number of factors can influence the downstream transport of particles and
plankton including mechanical degradation, destruction and sedimentation (Chandler
1937, Hartman and Himes 1961, Cushing 1964, Ward 1975), and removal by filter-
feeding organisms (Richardson and Mackay 1991, Monaghan et al. 2001) and aquatic
plants such as macrophytes (Chandler 1937, Horvath 2004). Hydrologic variables such as
discharge, turbulence, water depth and velocity (Wollheim et al. 2001, Hall et al. 1996,
Thomas et al. 2001) can also influence seston patrticle transport and deposition and lake-
outlet studies document that reservoir plankton are transported and persist further
downstream as discharge increases (Ward 1975, Armitage and Capper 1976,
Vadeboncoeur 1994).

In this study | estimated the expected transport distance before deposjtioh (S
a tailwater diatom in the Colorado River to be 15.5 miles. Deposition velogidy, (}as
also calculated because it eliminates the scaling effect of depth aniyvefotransport
distance (Thomas et al. 2001) and allows for comparison among streams witly varyi
water depths and velocities (i.e. dischar§ekrotonensisanges in size from 40-170
um. In comparison to studies with similar particle size ranges (151i@0@he Vjep

(0.24 mm &) of F. crotonensisvas similar to those reported elsewhere. Specifically, in a
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first-order Idaho creek the diatofysterionella(>52 um) had a Mep0f 0.99 mm s

Y(Thomas et al. 2001), fine particulate organic matter (<1 mygpas 0.07-0.16 mm’s
in second and third-order Idaho streams (Cushing et al. 1993), and settlingyveloci
(comparable to ¥y of corn pollen (43-10am) was 0.263-0.311 16 mrt sin a
second-order stream in New York (Miller and Georgian 1992). Becausedfw V.
crotonensigs similar to the measured depositional velocities of other similar sized
particles, the estimated transport distangg ¢615.5 miles seems accurate for this
system. Furthermore thegddestimate corresponds with the trends displayed in Figures 5
and 6, showing the greatest declin€ircrotonensi®occurring in the first 30 miles, in
both the seston arffl arcticumdiets.

The short transport distancekafcrotonensisalso provides evidence that
tailwater primary production may not effectively fuel the downstream fodd Wee
decline inF. crotonensisnay be indicative of the declines that may be expected for other
tailwater diatoms. The low proportion Bf crotonensisn S. arcticumdiets, demonstrates
the importance of diatoms produced at downstream sites, rather than those transported
from upstream, as a resource for filter-feeders. In addiBoigcustrisconsumed species
identified as seston and epilithon/epicremnon indicators, demonstrating that drimatoms
the seston can be deposited on the benthos and consumed by macroinvertebrates.
However,F. crotonensisvas only consumed Wy. lacustrisin the tailwaters; therefore,
the potential for other tailwater diatoms to be transported downstream, deposited, and

frequently consumed by macroinvertebrates seems unlikely.
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Macroinvertebrate consumption of indicators

Tailwaters as a subsidy

Addressing the extent that tailwater primary production supports downstream
macroinvertebrate production requires the use of a tracer. Using taiamalte
downstream indicator species and measuring the extent to which macroirategebr
consume these species, | conclude that downstream macroinvertebrabesarely
combination of tailwater and downstream food resources, including diatoms produced
within tributaries. Seston from reservoirs can be an important food resource for
consumers, particularly for collector-filterers, downstream of danisttednd Corlett
1972, Petts 1984, Richardson 1984, Richardson and Mackay 1991, Voelz and Ward
1996, Doi et al. 2008). Of note, | found ti&atarcticumconsumed more tailwater
indicators at downstream sites tHanlacustris suggesting that the extent that tailwater
resources can subsidize downstream macroinvertebrates depends on the functional
feeding groups present in the system (Doi et al 2@&rcticums a collector-filterer
and can trap very small particles (Wotton 1976, Wotton 1977, Wallace and Merritt 1980),
planktonic species and tychoplankters that are sloughed from the epilithon or epicrem
are accessible to these macroinvertebrates. In corrdsicustris,a shreddergan only
consume species that are deposited on the benthos, and planktonic and tailwater algae
sloughed from the benthos and transported downstream may not be accessible.
arcticumconsumed eight of the nine downstream indicators at downstream sit@s and
lacustrisconsumed four. Six of the downstream indicators were identified as seston

indicators and five were identified as epilithic/epicremnic indicators €TaD) (note
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total number of downstream habitat indicators does not equal nine because some species

were identified as indicators of both the seston and epilithon/epicremnon), again
indicating that tailwater and tributary resources may be a more impettbsidy for
filter-feeding macroinvertebrates than shredders.

Consumption of downstream indicator taxa confirms the importance of
downstream resources in the diets of macroinvertebrates. It seems uhgkely t
downstream macroinvertebrates are obtaining most of their resourcesiiivoater
primary production because tailwater indicator species are rarely cahsurae
consumed in extremely low proportions, and rare taxa that only grow downstream are
also consumed, even though they are not the dominant taxa present downstream. |
estimated that less than seven and 0.3 percéhtacticumandG. lacustrisproduction,
respectively, may be attributable to tailwater indicators at downstriézsn Bhis
estimate suggests that the tailwaters may not provide a significant eesabsidy to
downstream macroinvertebrate communities. Some macroinvertebrate produmtibe m
derived from algal exudates or amorphous detritus derived from algae (Hart armari_ov
2003), but | estimated that autochthonously derived amorphous detritus contributed less
than eleven percent to macroinvertebrate production at downstream sites (Chapte
DCA, area plots and rare taxa analysis for indicator identification

DCA, area plots, and analysis of the occurrence of rare taxa were useful for
identifying species that could be used as tailwater and downstream indicatoes.alké
taxa were ultimately identified as indicators than dominant taxa, bedangeant taxa

were often prevalent in both the tailwaters and downstream sites. In addii@are
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taxa indicators were initially identified, but were ultimately disedrdecause their

presence was so infrequent or low that they were never consumed by macroinesrtebrat
Additional analyses of macroinvertebrate and habitat samples may allowrerane
taxa to be utilized as indicators in the future.
Indicator presence and preferences

Five species were identified as tailwater indicators and, of these fiveyanlg.
vitreaandD. tenuevar. elongatumwere found solely in the tailwaters. The other three
taxa,F. crotonensisA. pediculusandM. martyiwere also present at downstream sites;
howeverA. pediculusandM. martyiwere only present at one site in extremely low
proportions, and therefore were still considered tailwater indic&oksgtreaandA.
pediculushave also previously been reported at downstream sites (Czarnecki and Blinn
1978).B. vitreahas been reported in Clear and Diamond Creeks, but is also found in
lower Lake PowellA. pediculusas been reported in epiphytic collections throughout the
canyon (in low numbers), but is known to prefer filamentous algae or large diatoms as a
substrate, which may explain their preference for the tailwaters inghegaes (Patrick
and Reimer 1966, Czarnecki and Blinn 19F)crotonensisandD. tenuevar. elongatum
appear to be the best tailwater indicators; however, analyzing more s&mpiether
seasons may help to identify additional tailwater indicators.

Nine taxa were identified as downstream indicators. Eight of these niee wer
identified to species level and their ecological preferences reflectetddhge from clear
(tailwaters) to turbid (downstream) water conditicbsaccomoddhrives in the presence

of high organics (Patrick and Reimer 1966) and has been previously collected from
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epipelic and psammon collections (which tend to be higher in organics than theepilit

in Kanab and Bright Angel Creek (Czarnecki and Blinn 19Z8kymbiformisvar.
nonpunctatanas only been previously collected in epilithic samples (these collections
were associated with fine particulate material) of Elves Chasm1(F8\b) (Czarnecki
and Blinn 1978)S. ovalisis an epipelic species found in the Little Colorado River
(although it also has been reported from the Lake Powell area) (CzaanddRlinn
1978, Kelly et al. 2005). In my samplé&s,ovalisvas not collected until downstream of
the confluence with the Little Colorado River. Because this taxon is consumed by
macroinvertebrates in the mainstem, it confirms that tributary resouscesed by
downstream macroinvertebrates; however, this taxon contributes less than v fmerc
macroinvertebrate production at downstream sites (TableGy2psigmaspp. are also
typically epipelic (Kelly et al 2005) and therefore do well at downstreises.N.
kutzingianaandN. apiculatahave been reported to be common in lower Lake Powell and
throughout the Colorado River system of the Grand Canyon and may not be appropriate
to use as downstream indicators (Czarnecki and Blinn 1B78ulgarisis also reported
to be common throughout the system (Czarnecki and Blinn 1978), but it has never been
observed in Lake Powell and has only been collected downstream in our samples. In
conclusionC. accomoda, C. cymbiformigr.nonpunctata, S. ovalis, F. vulgaasd
Gyrosigmaspp. may serve as the best downstream indicators in this system.
Utility of the method/usefulness of algae as indicators/tracers

This method was useful for examining the consumption of tailwater algal taxa by

downstream macroinvertebrates and helped to address whether downstream food webs
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are fueled by autochthonous resources produced in the tailwaters (Carothersvamd Br

1991). Assessing differences using the dominant taxa in the system establish&ghtha
assemblages at each site were not sufficiently different to distinguishgathe
downstream sites, but were useful for distinguishing between the tailwaders a
downstream. Downstream assemblages did differ from the tailwater aagesibl
however, because the taxa that drove the differences were common throughout the
system, few were determined to be useful indicators (tracers). Ranedexaetter
indicators because of their ecological preferences and specifi¢aywater or
downstream sites.

Although this method helped to address an important question relating to an
ecological subsidy, the required algal community analyses to the speeies la system
with high algal species diversity, resulted in an extremely time-consymmaggss. In
addition, this method can only be used in systems where there are communitpcbEere
among sites and therefore species can be classified as site-spduaifitors. The
physical and chemical conditions in the Colorado River differ among thetarsvand
downstream sites and | was able to identify useful indicators. In more ursjstems, it
may be difficult to identify indicators; therefore, using algae as savay only be
useful in some systems. Other tracer techniques may be employed to fxatheresthe
extent to which the tailwaters provide an ecological subsidy to downstream foed we
For example, diatoms labeled wiftC sodium bicarbonate were used to examine seston
transport and deposition in Idaho streams (Thomas et al. 2001), and fluorescerdty label

bacteria (FLB) were used to examine bacterial transport and consumption by
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macroinvertebrates in a second-order stream in North Carolina (HaIL&88&).

Although both of these methods were used in streams much smaller than the Colorado
River, exploring the potential use of labeled particles to address the importance of
tailwater and reservoir subsidies to downstream systems may be valuable.
Conclusion

In conclusion, primary production in tailwaters (or upstream reservoirs) o$ river
may subsidize downstream macroinvertebrates; however, the importanceuddioy s
may decline with distance downstream from the dam. The suggestion that tlye highl
productive tailwaters below Glen Canyon Dam serve as a resource subsidy to
downstream food webs is partially correct, because downstream macroinvestebra
consume algae produced in the tailwaters. However, macroinvertebrates alsneons
algae produced at downstream sites and tailwaters indicators werdegstioneontribute
less than seven percent to downstream macroinvertebrate production. Furthdgaere, a
produced in the tailwaters of the dam or lake are capable of being transported
downstream, but their numbers and dominance in the community decline as distance
from the tailwater increases.

| also estimated the transport distance of planktonic diatoms or diatoms sloughed
into the seston is 15.5 miles (25 km); therefore, most of the production exported from
tailwaters may not be transported far enough and in a form that can fuel
macroinvertebrate production throughout the 226 mile (363 km) stretch of river through
the Grand Canyon. Macroinvertebrates are an important food resource for fisls @hi

al. 1998, Zahn et al. unpublished data), and an important goal of scientists and managers
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in this system is to better manage dam operations to increase and supportsative fi

production, particularly the endangered humpback chub. The largest and only
successfully reproducing population of humpback chub in the Canyon is located near the
confluence of the Colorado and Little Colorado Rivers, 61 miles downstream from the
dam (Gloss and Coggins 2005). Because tailwater primary production may oelyaserv

an important subsidy up to 15.5 miles downstream of the dam, macroinvertebrates and
native fish at downstream sites may be supported by other food resources, andgnanagin

the system to maximize access to these resources may be an impsktant ta



APPENDIX A

ONE-WAY ANOVA TABLES

105



106

Appendix 1. One-way ANOVAp-values for suspended organic seston betweenbsitesason. Numbers in
bold reflect values with a bonferonni correctpevalue < 0.0125. NS indicates non-significgnivalue.

Season

Food Resource

Site

Summer

Summer

Summer

Summer

Autumn

Autumn

Autumn

Autumn

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,8 F:9.9

RM 3C

RM 62

RM 127

RM 165

RM 225
df:5,8 F:3.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,8 F:2.6

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,8 F:0.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:26.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:38.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:10.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:2.9

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127 RM 165
0.82( - - - -
0.130 0.724 - - -
0.008 0.257 0.979 - -
0.003 0.104 0.737 0.911 -
0.007 0.231 0.965 1.000 0.946

NS - - - -
NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
<0.001 - - - -
<0.001 0.048 - - -
<0.001 0.281 0.864 - -
<0.001 0.091 0.999 0.973 -
<0.001 0.572 0.552 0.990 0.767
<0.001 - - - -
<0.001 0.954 - - -
<0.001 0.921 1.000 - -
<0.001 0.059 0.014 0.012 -
<0.001 0.176 0.534 0.605 0.001
0.110 - - - -
0.002 0.223 - - -
0.002 0.239 1.000 - -
0.119 1.000 0.208 0.223 -
0.001 0.056 0.946 0.933 0.051
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Season Food Resource  Site

Winter Diatoms df:5,12 F:40.2

Winter

Winter

Winter

Spring

Spring

Spring

Spring

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:9.8

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:1.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:2.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:6.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:7.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:9.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:1.9

RM 30

RM 62

RM 127

RM 165

RM 22¢

RM 0 RM 30 RM 62 RM 127  RM5L
<0.001 - - - -
<0.001 0.287 - - -
<0.001 0.036 0.771 - -
<0.001 0.005 0.207 0.849 -
< 0.001 0.104 0.982 0.985 0.499

0.188 - - - -
0.024 0.804 - - -
0.003 0.168 0.750 - -
0.001 0.040 0.290 0.944 -
0.003 0.164 0.741 1.000 0.948

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

0.773 - - - -
0.004 0.034 - - -
0.199 0.826 0.219 - -
0.071 0.463 0.513 0.982 -
0.035 0.216 0.960 0.735 0.965
0.925 - - - -
0.007 0.029 - - -
0.430 0.911 0.142 - -
0.011 0.050 0.999 0.230 -
0.049 0.182 0.968 0.563 0.996
0.981 - - - -
0.169 0.059 - - -
0.011 0.004 0.541 - -
0.909 0.570 0.597 0.054 -
0.008 0.003 0.314 0.985 0.034

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS
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Appendix 2. One-way ANOV/ p-values for suspended organic seston bet
seasons by site. Numbers in bold reflect valuels avibonferonni correcteg-value <
0.0083. NS indicates non-significaptvalue. N/A indicates no data available.

Site

Food Resource

Season

RM O

RM O

RM O

RM O

RM 30

RM 30

RM 30

RM 30

RM 62

RM 62

RM 62

RM 62

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,8 F:1.8
Autumr
Winter
Spring
df:3,8 F:6.5
Autumr
Winter
Spring

df:3,8 F:1.6
Autumn
Winter
Spring
df:3,8 F:1.2
Autumn
Winter
Spring

df:3,6 F:19.8
Autumn
Winter
Spring
df:3,6 F:37.0
Autumn
Winter
Spring

df:3,6 F:3.3
Autumn
Winter
Spring

df:3,6 F:1.5
Autumn
Winter
Spring
df:3,6 F:22.7
Autumn
Winter
Spring
df:3,6 F:1.4
Autumn
Winter
Spring

df:3,6 F:3.4
Autumn
Winter
Spring
df:3,6 F:2.8
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS

0.100 - -

0.165 0.935 -

0.28¢ 0.002 0.003

0.041 - -

0.831 0.029 -

0.036 0.000 0.003
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS

0.014 - -

0.202 0.060 -

0.763 0.001 0.014
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Site

Food Resource

Season

RM 127

RM 127

RM 127

RM 127

RM 165

RM 165

RM 165

RM 165

RM 225

RM 225

RM 225

RM 225

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,8 F:18.3
Autumn
Winter
Spring

df:3,8 F:20.3
Autumn
Winter
Spring

df:3,8 F:11.3
Autumn
Winter
Spring

df:3,8 F:0.8
Autumn
Winter
Spring

df:3,8 F:30.2
Autumn
Winter
Spring

df:3,8 F:5.3
Autumn
Winter
Spring

df:3,8 F:0.5
Autumn
Winter
Spring

df:3,8 F:1.0
Autumn
Winter
Spring

df:3,7 F:18.6
Autumn
Winter
Spring

df:3,7 F:6.0
Autumn
Winter
Spring

df:3,7 F:6.9
Autumn
Winter
Spring

Autumn
Winter
Spring

Summer Autumn Winter
0.106 - -
0.184 0.978 -
0.018 0.001 0.001
0.476 - -
0.026 0.211 -
0.019 0.003 <0.001
0.002 - -
0.052 0.125 -
0.228 0.028 0.723
NS - -
NS NS -
NS NS NS
0.047 - -
0.091 0.962 -
0.004 < 0.001 <0.001
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
0.055 - -
0.091 0.979 -
0.026 0.001 0.002
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
N/A - -
N/A N/A -
N/A N/A N/A

109
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Appendix 3. One-way ANOVAp -values for epilithon between sites by season. Narsim bold reflect values
with a bonferonni correcteg-value < 0.0125. NS indicates non-significgnivalue.

Season

Food Resource

Site

Summer

Summe

Summer

Summer

Autumn

Autumn

Autumn

Autumn

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,12 F:3.4

RM 3C

RM 62

RM 127

RM 165

RM 225

df:5,12 F:5.°

RM 30

RM 62

RM 127

RM 165

RM 22t
df:5,12 F:4.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:16.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:2.8

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:6.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:1.1

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,11 F:1.4

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127  RNb16
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS

0.693 - - - -
0.089 0.594 - - -
0.081 0.668 1.000 - -
0.069 0.616 1.000 1.000 -
0.004 0.06¢ 0.82¢ 0.571 0.62:
0.155 - - - -
0.457 0.997 - - -
0.007 0.509 0.376 - -
0.080 0.999 0.964 0.728 -
0.133 1.000 0.994 0.561 1.000
<0.001 - - - -
0.001 1.000 - - -
<0.001 1.000 1.000 - -
<0.001 1.000 1.000 1.000 -
<0.001 1.000 1.000 1.000 1.000
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
0.011 - - - -
0.026 1.000 - - -
0.003 0.961 0.961 - -
0.040 0.959 0.985 0.604 -
0.214 0.452 0.609 0.152 0.879
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Season Food Resource  Site
Winter Diatoms df:5,12 F:2.7 RM 0 RM 30 RM 62 RM 127  RM516
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Winter A. Detritus df:5,12 F:1.5
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Winter Leaves df:5,12 F:3.9
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Winter Fila. Algae df:5,12 F:9.2
RM 30 0.001 - - - -
RM 62 0.021 0.475 - - -
RM 127 0.001 1.000 0.475 - -
RM 165 0.006 0.893 0.962 0.893 -
RM 225 0.003 0.975 0.864 0.975 0.999
Spring Diatoms df:5,12 F:1.6
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Spring A. Detritus df:5,12 F:5.9
RM 30 0.095 - - - -
RM 62 0.034 0.987 - - -
RM 127 0.005 0.525 0.860 - -
RM 165 0.005 0.553 0.879 1.000 -
RM 225 0.051 0.999 1.000 0.737 0.763
Spring Leaves df:5,12 F:10.1
RM 30 0.408 - - - -
RM 62 0.122 0.953 - - -
RM 127 0.169 0.986 1.000 - -
RM 165 0.063 0.809 0.998 0.988 -
RM 225 <0.001 0.004 0.015 0.010 0.029
Spring Fila. Algae df:5,12 F:1.7
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 22t NS NS NS NS NS
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Appendix 4. One-way ANOV/ p-values for epilithon between seasons by
Numbers in bold reflect values with a bonferonnireoted p-value < 0.0083. NS
indicates non-significanp -value. N/A indicates no data available.

Site

Food Resource

Season

RM 0O

RM O

RM 0

RM O

RM 30

RM 30

RM 30

RM 30

RM 62

RM 62

RM 62

RM 62

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,9 F:1.1
Autumn
Winter
Spring
df:3,9 F:.4.2
Autumn
Winter
Spring

df:3,9 F.6.8
Autumn
Winter
Spring
df:3,9 F:1.3
Autumn
Winter
Spring

df:3,8 F:9.5
Autumn
Winter
Spring
df:3,8 F:12.8
Autumn
Winter
Spring

df:3,8 F:7.6
Autumn
Winter
Spring

df:3,8 F:1.0
Autumn
Winter
Spring

df:3,6 F:4.1
Autumn
Winter
Spring
df:3,6 F:5.9
Autumn
Winter
Spring

df:3,6 F:3.6
Autumn
Winter
Spring
df:3,6 F:1.5
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS

0.024 - -

0.092 0.768 -

0.833 0.008 0.028

0.003 - -

0.089 0.120 -

0.998 0.004 0.114
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Site Food Resource

Season

RM 127 Diatoms

RM 127 A. Detritus

RM 127 Leaves

RM 127 Fila. Algae

RM 165 Diatoms

RM 165 A. Detritus

RM 165 Leaves

RM 165 Fila. Algae

RM 225 Diatoms

RM 225 A. Detritus

RM 225 Leaves

RM 225 Fila. Algae

df:3,8 F:2.2
Autumn
Winter
Spring

df:3,8 F:1.7
Autumn
Winter
Spring

df:3,8 F:3.7
Autumn
Winter
Spring

Autumn
Winter
Spring
df:3,8 F:0.7
Autumn
Winter
Spring
df:3,8 F:0.1
Autumn
Winter
Spring
df:3,8 F:4.5
Autumn
Winter
Spring
df:3,8 F:0.8
Autumn
Winter
Spring
df:3,8 F:0.4
Autumn
Winter
Spring
df:3,8 F:1.2
Autumn
Winter
Spring
df:3,8 F:1.0
Autumn
Winter
Spring
df:3,8 F:1.0
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
N/A - -
N/A N/A -
N/A N/A N/A
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Appendix 5. One-way ANOVAp -values for epicremnon between sites by seasonbitsiin bold reflec
values with a bonferonni correctgaivalue < 0.0125. NS indicates non-significgmvalue.

Season

Food Resource

Site

Summer

Summer

Summer

Summer

Autumn

Autumn

Autumn

Autumn

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,9 F:22.8

RM 3C

RM 62

RM 127

RM 165

RM 225
df:5,9 F:13.1

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,9 F:6.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,9 F:61.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,10 F:11.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,10 F:8.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,10 F:1.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,10 F:0.5

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127  RNb16
0.99¢ - - - -
0.759 0.922 - - -
0.002 0.008 0.140 - -
0.001 0.002 0.038 0.779 -

<0.001 0.001 0.012 0.238 0.854
0.463 - - - -
0.121 1.000 - - -
0.002 0.409 0.578 - -
0.005 0.515 0.670 1.000 -
0.001 0.201 0.357 0.985 0.946
0.493 - - - -
0.749 0.997 - - -
0.018 0.509 0.376 - -
0.025 0.999 0.964 0.728 -
0.008 1.000 0.994 0.561 1.000

<0.001 - - - -
<0.001 1.000 - - -
<0.001 1.000 1.000 - -
<0.001 1.000 1.000 1.000 -

<0.001 1.000 1.000 1.000 1.000
0.327 - - - -
0.899 0.995 - - -
0.001 0.026 0.069 - -
0.011 0.276 0.342 0.621 -
0.002 0.034 0.082 1.000 0.711
0.086 - - - -
0.629 0.986 - - -
0.011 0.758 0.630 - -
0.011 0.749 0.623 1.000 -
0.002 0.143 0.186 0.709 0.718

NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Appendix 5. Continue

Season Food Resource  Site
Winter Diatoms df:5,12 F:2.3 RM 0 RM 30 RM 62 RM 127  RM516
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Winter A. Detritus df:5,12 F:0.8
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Winter Leaves df:5,12 F:7.5
RM 30 0.001 - - - -
RM 62 0.012 0.705 - - -
RM 127 0.015 0.634 1.000 - -
RM 165 0.006 0.898 0.998 0.994 -
RM 225 0.054 0.252 0.940 0.967 0.777
Winter Fila. Algae df:5,12 F:1.7
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Spring Diatoms df:5,12 F:4.1
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Spring A. Detritus df:5,12 F:3.2
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Spring Leaves df:5,12 F:3.3
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
Spring Fila. Algae df:5,12 F:0.3
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 22t NS NS NS NS NS
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Appendix 6. One-way ANOVAp-values for epicremnon between seasons by
Numbers in bold reflect values with a bonferonnireoted p-value < 0.0083. NS
indicates non-significanp -value.

Site

Food Resource

Season

RM 0O

RM 0O

RM 0O

RM 0O

RM 30

RM 30

RM 30

RM 30

RM 62

RM 62

RM 62

RM 62

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,8 F:1.9
Autumn
Winter
Spring
df:3,8 F:3.9
Autumn
Winter
Spring

df:3,8 F:3.2
Autumn
Winter
Spring

df:3,8 F:1.2
Autumn
Winter
Spring

df:3,7 F:8.5
Autumn
Winter
Spring

df:3,7 F:11.4
Autumn
Winter
Spring

df:3,7 F:7.1
Autumn
Winter
Spring

df:3,7 F:0.8
Autumn
Winter
Spring

df:3,4 F:14.5
Autumn
Winter
Spring

df:3,4 F:2.8
Autumn
Winter
Spring

df:3,4 F:4.6
Autumn
Winter
Spring

df:3,4 F:0.4
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Site

Food Resource

Season

RM 127

RM 127

RM 127

RM 127

RM 165

RM 165

RM 165

RM 165

RM 225

RM 225

RM 225

RM 225

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,8 F:2.7
Autumn
Winter
Spring

df:3,8 F:2.7
Autumn
Winter
Spring

df:3,8 F:0.9
Autumn
Winter
Spring

df:3,8 F:0.4
Autumn
Winter
Spring

df:3,8 F:1.3
Autumn
Winter
Spring

df:3,8 F:2.2
Autumn
Winter
Spring

df:3,8 F:11.6
Autumn
Winter
Spring

df:3,8 F:0.6
Autumn
Winter
Spring

df:3,8 F:10.1
Autumn
Winter
Spring

df:3,8 F:3.5
Autumn
Winter
Spring

df:3,8 F:14.3
Autumn
Winter
Spring

df:3,8 F:1.0
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
0.007 - -
0.999 0.006 -
0.043 0.543 0.036
NS - -
NS NS -
NS NS NS
0.874 - -
0.287 0.653 -
0.004 0.010 0.052
NS - -
NS NS -
NS NS NS
0.001 - -
0.082 0.027 -
0.029 0.075 0.876
NS - -
NS NS -
NS NS NS
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Appendix 7. One-way ANOVAp -values forSimulium arcticur between sites by season. Numbers in |
reflect values with a bonferonni correctpdvalue < 0.0125. NS indicates non-significgmvalue. N/A

indicates no data available.

Seaso

Food Resourc

Site

Summer

Summer

Summer

Summer

Autumn

Autumn

Autumn

Autumn

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,18 F:43.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:46.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:4.1

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:0.8

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:58.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:50.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:5.8

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:0.7

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127  R661
<0.001 - - - -
<0.001 0.206 - - -
<0.001 0.002 0.217 - -
<0.001 <0.001 0.027 0.867 -
<0.001 0.055 0.976 0.580 0.110

0.001 - - - -
<0.001 0.001 - - -
<0.001 <0.001 0.789 - -
<0.001 <0.001 0.384 0.979 -
<0.001 <0.001 0.955 0.998 0.855

NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
<0.001 - - - -
<0.001 0.837 - - -
<0.001 0.920 0.301 - -
<0.001 1.000 0.936 0.811 -
<0.001 1.000 0.802 0.941 0.999
<0.001 - - - -
<0.001 0.820 - - -
<0.001 0.720 0.139 - -
<0.001 0.036 0.003 0.415 -
<0.001 1.000 0.769 0.774 0.044

0.952 - - - -

0.965 1.000 - - -

0.317 0.796 0.764 - -

0.002 0.011 0.010 0.139 -

0.956 1.000 1.000 0.788 0.011

NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Season

Food Resource

Site

Winter

Winter

Winter

Winter

Spring

Spring

Spring

Spring

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,18 F:8.9
RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:3.7
RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:3.1
RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:1.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,12 F:34.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,12 F:20.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,12 F:1.1

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,12 F:0.4

RM 30

RM 62

RM 127

RM 165

RM 22¢

RM 0 RM 30 RM 62 RM 127  RM516
0.003 - - - -
<0.001 0.932 - - -
<0.001 0.933 1.000 - -
0.001 0.985 1.000 1.000 -
0.001 0.999 0.994 0.994 1.000
0.293 - - - -
0.014 0.597 - - -
0.100 0.987 0.917 - -
0.764 0.954 0.186 0.679 -
0.062 0.944 0.975 1.000 0.526
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
N/A N/A - - -
<0.001 N/A - - -
<0.001 N/A 0.766 - -
<0.001 N/A 0.993 0.617 -
<0.001 N/A 0.607 0.999 0.379
N/A N/A - - -
<0.001 N/A - - -
0.001 N/A 0.787 - -
<0.001 N/A 1.000 0.782 -
<0.001 N/A 0.942 0.961 0.937
N/A N/A - - -
NS N/A - - -
NS N/A NS - -
NS N/A NS NS -
NS N/A NS NS NS
N/A N/A - - -
NS N/A - - -
NS N/A NS - -
NS N/A NS NS -
NS N/A NS NS NS




120

Appendix 8. One-way ANOVAp-values forSimulium arcticur between seasons
site. Numbers in bold reflect values with a bonfericcorrectedp -value < 0.0083. NS
indicates non-significanp-value. N/A indicates no data available.

Site Food Resource Season
RM O Diatoms df:3,12 F:4.8 Summer Autumn Winter
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM O A. Detritus df:3,12 F:2.9
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 0O Leaves df:3,12 F:1.7
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM O Fila. Algae df:3,12 F:0.7
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 30 Diatoms df:2,9 F:8.6
Autumn 0.006 - -
Winter 0.218 0.102 -
Spring N/A N/A N/A
RM 30 A. Detritus df:2,9 F:11.7
Autumn 0.004 - -
Winter 0.726 0.011 -
Spring N/A N/A N/A
RM 30 Leaves df:2,9 F:2.7
Autumn NS - -
Winter NS NS -
Spring N/A N/A N/A
RM 30 Fila. Algae df:2,9 F:0.7
Autumn NS - -
Winter NS NS -
Spring N/A N/A N/A
RM 62 Diatoms df:3,12 F:26.5
Autumn <0.001 - -
Winter 0.050 0.003 -
Spring 0.984 <0.001 0.027
RM 62 A. Detritus df:3,12 F:27.1
Autumn <0.001 - -
Winter 0.856 <0.001 -
Spring 0.544 <0.001 0.191
RM 62 Leaves df:3,12 F:3.2
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 62 Fila. Algae df:3,12 F:1.3
Autumn NS - -
Winter NS NS -
Spring NS NS NS
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Site

Food Resource

Season

RM 127

RM 127

RM 127

RM 127

RM 165

RM 165

RM 165

RM 165

RM 225

RM 225

RM 225

RM 225

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,9 F:0.7
Autumn
Winter
Spring

df:3,9 F:1.6
Autumn
Winter
Spring

df:3,9 F:1.1
Autumn
Winter
Spring

df:3,9 F:1.1
Autumn
Winter
Spring

df:3,12 F:10.0
Autumn
Winter
Spring

df:3,12 F:7.6
Autumn
Winter
Spring

df:3,12 F:2.0
Autumn
Winter
Spring

df:3,12 F:7.9
Autumn
Winter
Spring

df:3,12 F:8.0
Autumn
Winter
Spring

df:3,12 F:8.6
Autumn
Winter
Spring

df:3,12 F:20.0
Autumn
Winter
Spring

df:3,12 F:1.00
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
0.204 - -
0.850 0.055 -
0.028 0.001 0.110
0.907 - -
0.004 0.013 -
0.199 0.488 0.156
NS - -
NS NS -
NS NS NS
0.860 - -
0.004 0.017 -
0.964 0.989 0.010
0.004 - -
0.707 0.025 -
0.952 0.009 0.942
0.028 - -
0.602 0.003 -
0.824 0.006 0.977
0.762 - -
< 0.001 < 0.001 -
0.088 0.386 0.003
NS - -
NS NS -
NS NS NS
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Appendix 9. One-way ANOVAp-values for (ammarus lacustr between sites by season. Numbers in |
reflect values with a bonferonni correctpdvalue < 0.0125. NS indicates non-significgmvalue. N/A

indicates no data available.

Season Food Resource  Site
Summer Diatoms df:4,10 F:2.4

RM 30

RM 62

RM 127

RM 165

RM 225
Summer A. Detritus df:4,10 F:.0.7

RM 3C

RM 62

RM 127

RM 165

RM 225
Summer Leaves df:4,10 F:0.1

RM 3C

RM 62

RM 127

RM 165

RM 225
Summe Fila. Algae df:4,10 F:0.¢

RM 3C

RM 62

RM 127

RM 165

RM 225
Autumr Diatom: df:5,18 F:30.!

RM 3C

RM 62

RM 127

RM 165

RM 225
Autumn A. Detritus df:5,18 F:6.5

RM 30

RM 62

RM 127

RM 165

RM 225
Autumn Leaves df:5,18 F:6.2

RM 30

RM 62

RM 127

RM 165

RM 225
Autumn Fila. Algae df:5,18 F:1.6

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127 RNb16
NS - - - -
NS NS - - -
NS NS NS - -
N/A N/A N/A N/A -
NS NS NS NS N/A
NS - - - -
NS NS - - -
NS NS NS - -
N/A N/A N/A N/A -
NS NS NS NS N/A
NS - - - -
NS NS - - -
NS NS NS - -
N/A N/A N/A N/A -
NS NS NS NS N/A
NS - - - -
NS NS - - -
NS NS NS - -
N/A N/A N/A N/A -
NS NS NS NS N/A

0.002 - - - -
<0.001 <0.001 - - -
<0.001 0.005 0.650 - -
<0.001 0.253 0.023 0.359 -
< 0.001 0.002 0.871 0.998 0.188

0.166 - - - -

0.010 0.714 - - -

0.277 1.000 0.526 - -

0.542 0.959 0.266 0.995 -

0.001 0.126 0.797 0.07 0.025

0.009 - - - -

0.025 0.997 - - -

0.015 1.000 1.000 - -

0.001 0.877 0.636 0.780 -

0.273 0.513 0.781 0.637 0.093

NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Season

Food Resource

Site

Winter

Winter

Winter

Winter

Spring

Spring

Spring

Spring

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,16 F:5.1

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:2.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:1.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:1.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:4.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:1.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,16 F:0.3

RM 30

RM 62

RM 127

RM 165

RM 225

RM 30
RM 62
RM 127
RM 165
RM 22¢

RM 0 RM 30 RM 62 RM 127  RM516
0.006 - - - -
0.041 0.922 - - -
0.112 0.976 1.000 - -
0.015 0.998 0.994 0.999 -
0.008 1.000 0.960 0.990 1.000

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS
0.930 - - - -
0.981 1.000 - - -
0.959 0.515 0.665 - -
0.057 0.011 0.017 0.217 -
1.000 0.912 0.970 0.987 0.104

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

N/A N/A - - -
N/A N/A - - -
N/A N/A N/A - -
N/A N/A N/A N/A -
N/A N/A N/A N/A N/A
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Appendix 10. One-way ANOV p-values forGammarus lacustri between seasons by si
Numbers in bold reflect values with a bonferonnireoted p-value < 0.0083. NS indicates
non-significantp-value. N/A indicates no data available.

Site Food Resource Season
RM 0 Diatoms df:3,13 F:0.2 Summer 2006 Autumn 2006 Wig@07

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM O A. Detritus df:3,13 F:1.7

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 0 Leaves df:3,13 F:1.4

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM O Fila. Algae df:3,13 F;10.5

Autumn 2006 0.002 - -

Winter 2007 0.030 0.519 -

Spring 2007 1.000 0.003 0.041
RM 30 Diatoms df:3,11 F:5.9

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 30 A. Detritus df:3,11 F:2.6

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 30 Leaves df:3,11 F:2.6

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 30 Fila. Algae df:3,11 F:0.5

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 62 Diatoms df:3,12 F:41.7

Autumn 2006 0.003 - -

Winter 2007 0.718 <0.001 -

Spring 2007 <0.001 <0.001 0.001
RM 62 A. Detritus df:3,12 F:1.9

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 62 Leaves df:3,12 F:0.2

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
RM 62 Fila. Algae df:3,12 F:1.0

Autumn 2006 NS - -

Winter 2007 NS NS -

Spring 2007 NS NS NS
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Site Food Resource Season
RM 127 Diatoms df:3,7 F:4.4 Summer Autumn Winter
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 127 A. Detritus df:3,7 F:1.3
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 127 Leaves df:3,7 F:7.2
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 127 Fila. Algae df:3,7 F:63.2
Autumn 0.466 - -
Winter <0.001 <0.001 -
Spring 1.000 0.158 <0.001
RM 165 Diatoms df:2,8 F:2.6
Autumn N/A - -
Winter N/A NS -
Spring N/A NS NS
RM 165 A. Detritus df:2,8 F:0.3
Autumn N/A - -
Winter N/A NS -
Spring N/A NS NS
RM 165 Leaves df:2,8 F:7.2
Autumn N/A - -
Winter N/A NS -
Spring N/A NS NS
RM 165 Fila. Algae df:2,8 F:1.6
Autumn N/A - -
Winter N/A NS -
Spring N/A NS NS
RM 225 Diatoms df:3,9 F:13.4
Autumn 0.037 - -
Winter 0.729 0.081 -
Spring 0.233 0.001 0.022
RM 225 A. Detritus df:3,9 F:9.4
Autumn 0.422 - -
Winter 0.752 0.045 -
Spring 0.078 0.003 0.184
RM 225 Leaves df:3,9 F:1.1
Autumn NS - -
Winter NS NS -
Spring NS NS NS
RM 225 Fila. Algae df:3,9 F:3.2
Autumn NS - -
Winter NS NS -
Spring NS NS NS
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Appendix 11. One-way ANOVAp-values for NZMS between sites by season. Numioeosld reflect value
with a bonferonni correctegh-value < 0.0125. NS indicates non-significgmvalue. N/A indicates no data

available.
Season Food Resource  Site
Summer Diatoms df4,11 F.24 RM 0 RM 30 RM 62 RM 127 RM16
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 N/A N/A N/A N/A -
RM 225 NS NS NS NS N/A
Summer A. Detritus df:.4,11 F:2.3
RM 3C NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 N/A N/A N/A N/A -
RM 225 NS NS NS NS N/A
Summer Leaves df:4,11 F:7.2
RM 3C 0.02: - - - -
RM 62 0.70¢ 0.81¢ - - -
RM 127 0.005 0.778 0.422 - -
RM 165 N/A N/A N/A N/A -
RM 225 0.855 0.110 0.959 0.024 N/A
Summer Fila. Algae df:4,11 F:0.6
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 N/A N/A N/A N/A -
RM 225 NS NS NS NS N/A
Autumn Diatoms df:5,18 F:17.3
RM 30 < 0.001 - - - -
RM 62 <0.001 0.777 - - -
RM 127 <0.001 1.000 0.758 - -
RM 165 <0.001 0.992 0.442 0.994 -
RM 225 <0.001 0.350 0.972 0.333 0.139
Autumn A. Detritus df:5,18 F:21.3
RM 30 <0.001 - - - -
RM 62 <0.001 0.988 - - -
RM 127 <0.001 1.000 0.991 - -
RM 165 0.001 0.554 0.240 0.536 -
RM 225 <0.001 0.133 0.361 0.141 0.004
Autumn Leaves df:5,18 F:5.1
RM 30 0.041 - - - -
RM 62 0.003 0.825 - - -
RM 127 0.106 0.996 0.549 - -
RM 165 0.012 0.991 0.987 0.887 -
RM 225 0.423 0.752 0.157 0.950 0.413
Autumn Fila. Algae df:5,18 F:1.3
RM 30 NS - - - -
RM 62 NS NS - - -
RM 127 NS NS NS - -
RM 165 NS NS NS NS -
RM 225 NS NS NS NS NS
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Season

Food Resource

Site

Winter

Winter

Winter

Winter

Spring

Spring

Spring

Spring

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:4,11 F:11.9
RM 30

RM 62

RM 127

RM 165

RM 225
df:4,11 F:6.3
RM 30

RM 62

RM 127

RM 165

RM 225
df:4,11 F:21.8
RM 30

RM 62

RM 127

RM 165

RM 225
df:4,11 F:5.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:10.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:5.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:1.4

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:1.0

RM 30

RM 62

RM 127

RM 165

RM 22¢

RM 0 RM 30 RM 62 RM 127  RM5L
0.014 - - - -
N/A N/A - - -
0.001 0.086 N/A - -
0.002 0.661 N/A 0.428 -
0.044 1.000 N/A 0.169 0.821
0.162 - - - -
N/A N/A - - -
0.007 0.193 N/A - -
0.019 0.677 N/A 0.706 -
0.717 0.933 N/A 0.113 0.389
<0.001 - - - -
N/A N/A - - -
0.001 0.987 N/A - -
<0.001 0.999 N/A 0.999 -
< 0.001 0.613 N/A 0.485 0.489
NS - - - -
N/A N/A - - -
NS NS N/A - -
NS NS N/A NS -
NS NS N/A NS NS
0.001 - - - -
<0.001 0.933 - - -
0.003 0.999 0.801 - -
<0.001 0.873 1.000 0.706 -
<0.001 0.861 1.000 0.690 1.000
0.008 - - - -
0.003 0.993 - - -
0.025 0.994 0.882 - -
0.008 1.000 0.994 0.993 -
0.016 1.000 0.951 1.000 0.999
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
NS - - - -
NS NS - - -
NS NS NS - -
NS NS NS NS -
NS NS NS NS NS
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Appendix 12. One-way ANOVAp-values for NZMS between seasons by ¢
Numbers in bold reflect values with a bonferonnireoted p-value < 0.0083. NS
indicates non-significanp-value. N/A indicates no data available.

Site

Food Resource

Season

RM 0O

RM 0O

RM 0

RM 0

RM 30

RM 30

RM 30

RM 30

RM 62

RM 62

RM 62

RM 62

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,12 F:0.6
Autumn
Winter
Spring
df:3,12 F:0.6
Autumn
Winter
Spring

df:3,12 F:12.2
Autumn
Winter
Spring
df:3,12 F:0.7
Autumn
Winter
Spring

df:3,12 F:1.1
Autumn
Winter
Spring
df:3,12 F:10.9
Autumn
Winter
Spring

df:3,12 F:7.7
Autumn
Winter
Spring

Autumn
Winter
Spring
df:2,6 F:0.1
Autumn
Winter
Spring
df:2,6 F:0.5
Autumn
Winter
Spring
df:2,6 F:3.1
Autumn
Winter
Spring
df:2,6 F:0.5
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS

0.005 - -
0.106 0.320 -
< 0.001 0.517 0.033
NS - -
NS NS -

NS NS NS
NS - -
NS NS -
NS NS NS
0.015 - -
0.964 0.007 -
0.009 0.989 0.004

0.196 - -

0.461 0.015 -

0.072 0.925 0.005

N/A - -

N/A N/A -
N/A N/A N/A
NS - -

N/A N/A -
NS NS N/A
NS - -

N/A N/A -
NS NS N/A
NS - -

N/A N/A -
NS NS N/A
NS - -

N/A N/A -
NS NS N/A
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Site

Food Resource

Season

RM 127

RM 127

RM 127

RM 127

RM 165

RM 165

RM 165

RM 165

RM 225

RM 225

RM 225

RM 225

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,9 F:6.2
Autumn
Winter
Spring

df:3,9 F:11.8
Autumn
Winter
Spring

df:3,9 F:6.3
Autumn
Winter
Spring

Autumn
Winter
Spring

df:2,9 F:1.3
Autumn
Winter
Spring

df:2,9 F:1.7
Autumn
Winter
Spring

df:2,9 F:3.8
Autumn
Winter
Spring

df:2,9 F:2.5
Autumn
Winter
Spring

df:3,10 F:7.0
Autumn
Winter
Spring

df:3,10 F:5.0
Autumn
Winter
Spring

df:3,10 F:4.2
Autumn
Winter
Spring

df:3,10 F:0.7
Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
0.002 - -
0.005 0.994 -
0.007 0.807 0.759
NS - -
NS NS -
NS NS NS
N/A - -
N/A N/A -
N/A N/A N/A
N/A - -
N/A NS -
N/A NS NS
N/A - -
N/A NS -
N/A NS NS
N/A - -
N/A NS -
N/A NS NS
N/A - -
N/A NS -
N/A NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Appendix 13. One-way ANOVAp-values for chironomids between sites by seasombus in bold reflec
values with a bonferonni correctgutvalue < 0.0125. NS indicates non-significgmvalue. N/A indicates no
data available.

Season

Food Resource

Site

Summer

Summer

Summer

Summer

Autumn

Autumn

Autumn

Autumn

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,18 F:6.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:1.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:3.2

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:1.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:7.6

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:3.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:1.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,12 F:1123

RM 30

RM 62

RM 127

RM 165

RM 225

RM 0 RM 30 RM 62 RM 127 RNb16
0.713 - - - -
0.085 0.679 - - -
0.001 0.01¢ 0.301 - -
0.345 0.986 0.956 0.071 -
0.038 0.439 0.998 0.516 0.810

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS
0.999 - - - -
0.682 0.854 - - -
0.025 0.048 0.353 - -
0.863 0.963 0.999 0.207 -
0.324 0.498 0.987 0.717 0.917

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS
0.955 - - - -
0.140 0.260 - - -
0.025 0.034 0.987 - -
0.004 0.005 0.357 0.510 -
0.057 0.092 1.000 0.989 0.274
0.955 - - - -
0.140 0.260 - - -
0.025 0.034 0.987 - -
0.004 0.005 0.357 0.510 -
0.057 0.092 1.000 0.989 0.274

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS
<0.001 - - - -
<0.001 1.000 - - -
<0.001 1.000 1.000 - -
<0.001 1.000 1.000 1.000 -
<0.001 1.000 1.000 1.000 1.000
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Season Food Resource  Site

Winter

Winter

Winter

Winter

Spring

Spring

Spring

Spring

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:5,18 F:26.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:34.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:8.5

RM 30

RM 62

RM 127

RM 165

RM 225
df:5,18 F:0.7

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,15 F:7.3

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,15 F:8.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,15 F:6.0

RM 30

RM 62

RM 127

RM 165

RM 225
df:4,15 F:1.4

RM 30

RM 62

RM 127

RM 165

RM 22¢

RM 0 RM 30 RM 62 RM 127  RM5L
<0.001 - - - -
<0.001 0.910 - - -
<0.001 1.000 0.852 - -
<0.001 0.390 0.920 0.316 -
< 0.001 0.155 0.627 0.119 0.990
<0.001 - - - -
<0.001 0.781 - - -
<0.001 0.864 1.000 - -
<0.001 0.155 0.796 0.700 -
<0.001 0.001 0.019 0.013 0.216

0.207 - - - -
0.039 0.942 - - -
0.001 0.095 0.409 - -
0.010 0.640 0.985 0.783 -
<0.001 0.043 0.222 0.998 0.542

NS - - - -

NS NS - - -

NS NS NS - -

NS NS NS NS -

NS NS NS NS NS

N/A - - - -
0.036 N/A - - -
0.113 N/A 0.995 - -
0.107 N/A 0.974 1.000 -
0.001 N/A 0.340 0.237 0.128

N/A - - - -
0.014 N/A - - -
0.081 N/A 0.963 - -
0.034 N/A 0.989 0.999 -

<0.001 N/A 0.511 0.244 0.268

N/A - - - -
0.095 N/A - - -
0.128 N/A 1.000 - -
0.166 N/A 0.997 0.997 -
0.002 N/A 0.300 0.394 0.178

N/A - - - -

NS N/A - - -

NS N/A NS - -

NS N/A NS NS -

NS N/A NS NS NS
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Appendix 14. One-way ANOVAp-values for chironomids between seasons by
Numbers in bold reflect values with a bonferonnireoted p-value < 0.0083. NS
indicates non-significanp-value. N/A indicates no data available.

Site

Food Resource

Season

RM 0O

RM 0

RM 0O

RM 0

RM 30

RM 30

RM 30

RM 30

RM 62

RM 62

RM 62

RM 62

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,10 F:19.9
Autumn
Winter
Spring
df:3,10 F:13.4
Autumn
Winter
Spring

df:3,10 F:5.6
Autumn
Winter
Spring

df:3,10 F:13.2
Autumn
Winter
Spring

df:2,9 F:4.8
Autumn
Winter
Spring

df:2,9 F:5.5
Autumn
Winter
Spring

df:2,9 F:.0.7
Autumn
Winter
Spring

df:2,9 F:0.7
Autumn
Winter
Spring

df:3,10 F:1.1
Autumn
Winter
Spring

df:3,10 F:0.5
Autumn
Winter
Spring

df:3,10 F:3.6
Autumn
Winter
Spring

df:3,10 F:0.7
Autumn
Winter
Spring

Summer Autumn Winter
0.114 - -
0.004 <0.001 -
0.007 0.001 0.965
0.877 - -
0.002 0.026 -
0.002 0.028 1.000
NS - -
NS NS -
NS NS NS
0.001 - -
0.825 0.002 -
0.534 0.003 0.950
NS - -
NS NS -
N/A N/A N/A
NS - -
NS NS -
N/A N/A N/A
NS - -
NS NS -
N/A N/A N/A
NS - -
NS NS -
N/A N/A N/A
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
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Site

Food Resource

Season

RM 127

RM 127

RM 127

RM 127

RM 165

RM 165

RM 165

RM 165

RM 225

RM 225

RM 225

RM 225

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

Diatoms

A. Detritus

Leaves

Fila. Algae

df:3,11 F:5.4
Autumn
Winter
Spring

df:3,11 F:1.8
Autumn
Winter
Spring

df:3,11 F:6.3
Autumn
Winter
Spring

df:3,11 F:1.2
Autumn
Winter
Spring

df:3,10 F:5.4
Autumn
Winter
Spring

df:3,10 F:0.8
Autumn
Winter
Spring

df:3,10 F:2.6
Autumn
Winter
Spring

Autumn
Winter
Spring
df:3,13 F:1.8
Autumn
Winter
Spring
df:3,13 F:2.4
Autumn
Winter
Spring
df:3,13 F:0.6
Autumn
Winter
Spring

Autumn
Winter
Spring

Summer Autumn Winter
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
0.146 - -
0.100 0.995 -
0.006 0.207 0.284
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
N/A - -
N/A N/A -
N/A N/A N/A
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
NS - -
NS NS -
NS NS NS
N/A - -
N/A N/A -
N/A N/A N/A
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Appendix 15. Algal species and corresponding speamneles (abbreviations).
Species

Species Name Code
Achnanthes microcephal@itzing) GrunowAchnanthes minutissimidiitzing | ACHMIC
Amphora perpusilla(Grunow) Grunow AMPPER
Cocconeis placentulaar. euglypta(Ehrenberg) Grunow COCEUG
Cocconeis pediculughrenberg COCPED
Cyclotella comta(Ehrenberg) Kitzing CYCCOM
Cymbella affinisKitzing CYMAFF
Cymbella lunataW. Smith CYMLUN
Cymbella mexicangEhr.) Cleve CYMMEX
Encyonema auerswaldiRabenhorst CYMPRA
Encyonema prostratruniBerkeley) Kitzing CYMPRO
Diatoma moniliformisKitzing DIAMON
Diatoma sp. 1 DIASP1
Diatoma vulgareBory DIAVUL
Ellerbeckia arenaria(Moore) R.M. Crawford ELLER
Fragilaria crotonensisKitton FRACRO
Fragilaria sp. 2 FRASP2
Fragilaria sp. 4 FRASP4
Gomphonema olivaceuwar. calcareum(Cl.) Cleve GOMOLC
Gomphonema olivaceurfiHornemann) Brébisson GOMOLI
Gomphonema clavatughrenberg GOMSUB
Green algae zoospores GRNALG
Gyrosigma spencerigt varieties GYRCUR
Melosira variansC. Agardh MELVAR
Navicula cryptotenelld.ange-Bertalot NAVCRY
Navicula tripunctata(O.F. Muller) Bory NAVTRI
Nitzschia denticulaGrunowDenticula eleganXKitzing NITDEN
Nitzschia dissipatgKiutzing) Grunow NITDIS
Nitzschia fonticola(Grunow) Grunow NITFON
Nitzschia kutzingiandilse NITKUT
Nitzschia palea(Kitzing) W. Smith NITPAL
Martyana martyi(Héribaud) F.E. Round OPEMAR
Pinnularia sp. 1 PINSP1
Reimeria sinuatag(Gregory) Kociolek & Stoermer REISIN
Rhoicosphenia curvat@Kitzing) Grunow RHOCUR
Synedra fasciculatgAgardh) Kutzing SYNAFF
Synedrasp. 1 SYNGIS1
Synedra ulnaNitzsch) Ehrenberg SYNULN




136

Appendix 16. Mean percent abundances (SE) of #dgalin sestonic algal assemblages at each siteg(

January 2007.

Taxor RM 0O RM 30 RM62 RM127 RM 165 RM 225
Achnanthes lanceolatgar.
omissz Reime 0.0 (0.0) 0.1(0.1) 0.0(0.0) 0.0(0.0)0 0.0(0.0) 0.0(0.0

Achnanthes microcepha
(Kltzing) GrunowAchnanthes
minutissime Kiitzing
Achnanthes sublaevigar. crassa
C.W. Reime

Achnanthes wellsiaReime
Achnanthidium affindGrunow)
Czarneck

Amphipleurasp. 1

Amphora montan. Krasske
Amphora ovalis(Ktzing)
Kitzing

Amphora pediculugKitzing)
Grunow ex A. Schmidt
Amphora perpusilla(Grunow)
Grunow

Brachysira vitrea(Grunow) R.
Ros:

Cladophora glomerata
(Linnaeus) Kutzin

Cocconeis neodiminutKrammer
Cocconeis pedicult Ehrenber
Cocconeis placentul Ehrenber¢
Cocconeis placentulaar.
euglypta (Ehrenberg) Gruno
Cocconeis placentulaar.
lineata (Ehrenberg) van Heur
Craticula accomodgHustedt)
D.G. Manr

Cyclotella comta(Ehrenberg)
Kitzing

Cyclotella meneghinianKiitzing
Cyclotella sp. 2

Cyclotella sp. &

Cymbella affinisKltzing
Cymbella amphicephal&laegeli
Cymbella cymbiformivar.
nonpunctate Fontell

Cymbella laevisNagel

Cymbella lunate W. Smitt

9.4 (0.5) 18.0 (0.5) 15.9 (3.1) 15.6 (1.5) 14.7 (4.7) 13.0X1.

0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
0.C (0.0) 0.C (0.0) 0.2 (0.2)

0.2 (0.2)
0.C (0.0)

0.0 (0.0) 0.0 (0.0)
0.C (0.0) 0.C(0.0)

0.0 (0.0) 0.4 (0.4) 0.0(0.0) 0.2(0.2) 0.3 (0.3) 0.0(0.0)
0.0 (0.0) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.1(0.1) 0.@XO.
0. (0.0) 0.C(0.0) 0.C(0.0) 0.2(0.2) 0.2(0.2) 0.C(0.0)

0.0 (0.0) 0.4 (0.2) 0.0 (0.0) 0.2 (0.2)

0.0 (0.0) QOD)

0.1 (0.1) 0.5(0.2) 0.7 (0.1) 0.2§0 0.1 (0.1) 0.0 (0.0)

1.3 (0.5) 3.1 (0.4) 2.8 (0.1) 7.1(3.4) 1.1(0.6) 3.1(0.8)

0.2 (0.2) 0.3(0.3) 0.4(0.2) 2.6 (2.3) 0.2(0.2) 0.0 (0.0)

0.2 (0.2) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.1(0.1) 0.0(0.0)
0.3 (0.2) 0.0 (0.0) 0.0(0.0) 0.6(0.4) 0.0 (0.0) @®
9.2(3.0) 6.6(1.8) 5.2(0.7) 4.E (15 3.£(0.8) 5.4(1.8)
0. (0.0) 0.1(0.1) 0.C(0.0) 0.C(0.0) 0.C (0.0) 0.C(0.0)

2.7 (0.9) 1.8(0.7) 0.9(0.2) 1.1(0.2) 15(0.2) 1.5 (0.6)

0.8 (0.1) 1.2(0.3) 1.4(0.4) 0.7 (0.5) 0.6 (0.3) 1.0 (0.5)

0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

0.8 (0.2) 1.0(0.1) 2.7 (1.1)
0.8 (0.4) 0.5 (0.5) 0.C (0.0)

0. (0.0) 0.3(0.3) 0.€(0.6) 0.7(0.7) 1.€(0.9) 2.1(0.1)
0.8(0.4) 0.1(0.1) 0.7(0.7) 0.£(0.5) 0.€(0.3) 0.2(0.2)
1.4(0.9) 0.2(0.2) 0.(0.5) 0.E(0.3) 0. (0.0) 0.2(0.3)
0.2 (0.1) 0.3(0.3) 0.0(0.0) 0.0(0.0) 1.3 (1.1) @®®

0.8 (0.6)
0.C (0.0)

0.5 (0.3) 1084
0.C (0.0) 0.C (0.0)

0.0 (0.0) 0.1 (0.1) 0.0 (0.0)
0.3(0.3) 0.C (0.0) 0.C (0.0)
0.2 (0.2) 0.4(0.4) 0.C (0.0)

0.0 (0.0)
0.C (0.0)
0.2 (0.3)

0.0 (0.0) 0.0 (0.0)
0.C (0.0) 0.C(0.0)
0.1(0.1) 10.% (10.3,
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Taxon RM 0 RM30 RM62 RM127 RM 165 RM 225
Cymbella mexicangEhrenberg)
Cleve 1.0 (1.0) 0.2 (0.1) 0.0(0.0) 0.0(0.0) 0.1(0.1) O.m)0.
Cymbella microcephalaar.
crassaReimer 0.4 (0.1) 04(0.2) 1.4(0.7) 0.4(0.2) 0.9(0.7) o0.3)0

Cymbella pusille Grunow

Cymbellasp. 1
Diatoma hiemalevar. mesodon
(Ehrenberg) Gruno

Diatoma moniliformisKitzing
Diatoma sp. !

Diatoma sp. -

Diatoma tenuevar. elongatum
Lyngbye

Diatoma vulgareBory
Diploneis oculata(Brébisson)
Cleve

Ellerbeckia arenaria(Moore)
R.M. Crawford

Encyonema auerswaldii
Rabenhor:

Encyonema minutur(Hilse in
Rabenhorst) D.G. Manr
Encyonema prostratrum
(Berkeley) Kitzing
Encyonopsitsp. 1
Filamentous algae sp. 2
Fragilaria crotonensisKitton
Fragilaria sp. ¢

Fragilaria sp. ¢

Frustulia vulgaris (Thwaites) De
Toni

Geissleriasp. 1

Gomphonema clavatt Ehrenber
Gomphonema truncatum
Ehrenber

Gomphonema herculeanum
Ehrenber

Gomphonema olivaceum
(Hornemann) Brébissi
Gomphonema olivaceuwar.
calcaree Cleve
Gomphonema parvulum
(Kltzing) Kitzing
Gomphonemisp. ¢

0.C (0.0)
0.€ (0.2)

0.1 (0.1)
3.8 (0.8)
1.¢ (0.3)
0.2 (0.2)

0.2 (0.1)
4.6 (1.5)

0.1 (0.1)
3.9 (3.8)
0.1 (0.1)
0.6 (0.6)

0.2 (0.1)
0.C (0.0)

0.2 (0.3)
1.2 (0.6)

0.0 (0.0) 0.1 (0.1) 0.0 (0.0) 0.0 (0.0)

0.1(0.1)
0.C (0.0)

0.1 (0.1)
0.0 (0.0)
2.4 (0.2)

0.0 (0.0)

0.C (0.0) 0.C (0.0)
1.2(0.1) 0.2(0.2)

0.1 (0.1) 0.0 (0.0)

5.8 (0.6) 4.0 (0.2)

2.1(1.3) 2.2(1.4)
0.1(0.1) 0.C(0.0)

0.0 (0.0) 0.0 (0.0)
2.0 (1.1) 2.0 (1.5)

0.1 (0.1) 0.0 (0.0)
1.3 (0.6) 0.2 (0.2)
0.2 (0.1) 0.0 (0.0)
0.2 (0.1) 0.7 (0.3)

0.4 (0.2) 0.7 (0.5)
0.C (0.0) 0.C (0.0)

0.1(0.1) 0.C(0.0)
1.2 (0.4) 4.C(2.1)

0. (0.0) 0.C (0.0)
0.C (0.0) 0.C (0.0)

0.0 (0.0) 0.0 (0.0)
0.0 (0.0) 0.0 (0.0)
1.6 (0.8) 2.3 (0.8)

0.4 (0.2) 0.2 (0.2)

0.C (0.0)
0.C (0.0)

0.0 (0.0)

5.3 (1.2)

2.€(0.3)
0.C (0.0)

0.0 (0.0)
1.4 (0.6)

0.0 (0.0)
1.1 (0.3)
0.0 (0.0)
1.4 (0.4)

0.0 (0.0)
0.2 (0.2)

9.8 (3.4)
0.C (0.0)
1.5 (0.3)

0.C (0.0)
0.2 (0.2)

0.0 (0.0)
0.0 (0.0)
2.6 (0.3)

0.6 (0.1)

0.1(0.1) 0.C(0.0)
0.4(0.3) 0.2(0.2)

0.1 (0.1)

5.9 (0.6)

0.0 (0.0)
5230}

1.(1.0) 3.S(0.8)
0.C (0.0) 0.C(0.0)

0.0 (0.0)
1.3 (0.3)

0.0 (0.0)
0.3 (0.2)
0.2 (0.2)
0.5 (0.3)

0.0 (0.0)

0.0 (0.0)
1.0 j0.1

0.0 (0.0)
1.6 (1.3)
0.1 (0.1)
1.1 (0.2)

0.5 (0.3)

0.1(0.1) 0.1(0.1)
0.0 (0.0) 0.5 (0.5) 0.3 (0.3) 0.0)( 0.0 (0.0)
34.7(8.9) 10.2 (1.6) 0.€ (0.9)

0.0 (0.0)

8.7(5.5) 2.1(L.1)
0.C (0.0) 0.C(0.0)
5.4(3.3) 1.€(0.1)

0.0 (0.0)

0.11{0.

0.C (0.0) 0.C(0.0)
0.C (0.0) 0.C (0.0)

0.0 (0.0)
0.0 (0.0)
2.0 (0.7)

0.3 (0.3)

0.2 (0.2) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 240.2)
0. (0.3) 0.C(0.0)

0.5 (0.3)

0.1(0.1) 0.€ (0.6)

0.2 (0.2)

0.0 (0.0)
0.3 (0.3)
1.9 (0.5)

0.6 (0.3)

0.0 (0.0)
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Taxon RMO RM30 RM62 RM127 RM165 RM 225
Gomphonerr sp. 0.1(0.1) 0.4(0.4) 0. (0.0) 0.7(0.7) 0. (0.0) 0.1(0.1)
Gomphonemap. 4 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.3(0.3) 0.0 (0.0) 0.®XO.

Green algae zoospo
Gyrosigma eximiun{Thwaites)
Van Heurck

Gyrosigma spencer et varietie
Hantzschia amphioxys
(Ehrenberg) Grunoy
Hantzschia amphioxyear.
capitata O.F. Mlle
Karayevia cleve (Grunow in
Cleve & Grunow) Round &
Bukhtiyarov

Martyana martyi(Héribaud) F.E
Rounc

Melosira variansC. Agardt
Navicula cryptocephalaar.
veneta (Kutzing) Rabenhor
Navicula confervacedKiitzing)
Grunow

Navicula cryptocephal Kitzing
Navicula cryptonellaLange-
Bertalo

Navicula gregariaDonkin
Navicula laterostrate Hustedt

Navicula subtilissimiCleve
Navicula tripunctata(O.F.
Mdiller) Bory

Navicula venetiKitzing
Nitzschia aciculari¢ (Kltzing)
W. Smith var. closterioides
Grunow

Nitzschia amphibiiGrunow
Nitzschia amphibiisp. 1
Nitzschia apiculatdW. Gregory)
Grunow

3.2 (2.3) 13.€ (5.9) 30.€ (7.3) 16.1(2.4) 28.£(2.3) 20.F (5.5)

0.0 (0.0) 0.1(0.1) 0.0 (0.0) 0.0 (0.0) 0.1 (0.10.1 (0.1)
0.C (0.0) 0.C (0.0) 0.C(0.0) 0.C(0.0) 0.C(0.0) 0.2(0.1)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.2 (0.2) 0.0 (0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.1 (1.1) 0.0 (0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0)

0.3(0.3) 0.1(0.1) 0.3(0.3) 0.2 (0.2)
0.1(0.1) 0.1(0.1) 0.€(0.6) 0.C(0.0)

0.1 (0.1) 0.0 (0.0)
0.£(0.5) 1.1(0.8)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1(0.1) 0.2 (0.2)

0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
0.C (0.0) 0.2(0.2) 0.C(0.0) 0.2(0.3)

0.0 (0.0) 0.0 (0.0)
0.1(0.1) 0.1(0.1)

0.1 (0.1) 0.5(0.2) 0.6 (0.6) 3.1 (0.8)
0.0 (0.0) 0.2 (0.1) 0.0 (0.0) 0.0 (0.0)
0.1(0.1) 0.C (0.0) 0.C (0.0) 0.C(0.0)
0.C (0.0) 0.C (0.0) 0.C (0.0) 0.C(0.0)

0.9 (0.2) 0.6 (0.3)

0.0 (0.0) 0000}
0.C (0.0) 0.C(0.0)
0.1(0.1) 0.C(0.0)

0.5 (0.2) 0.3(0.2) 1.0 (0.5) 0.7 (0.4)
0. (0.0) 0.4(0.2) 0.€(0.2) 0.€(0.1)

0.4 (0.3) 0.3 (0.1)
0.1(0.1) 0.C(0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
0.2(0.2) 0.1(0.1) 0.C(0.0) 0.C(0.0)
0.1(0.1) 0.2(0.2) 0.C (0.0) 0.C(0.0)

0.0 (0.0) Q1Y
0.C (0.0) 0.1(0.1)
0.C (0.0) 0.C(0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.2 (0.2) 0.1 (0.1) 0.0 (0.0)
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Taxon RM 0 RM30 RM62 RM127 RM 165 RM 225
Nitzschia capitellat: Hustedt 0.2(0.2) 0.c(0.0) 0.c(0.0) 0.c(0.00 0.c(0.00 0.C(0.0)
Nitzschia denticul:
GrunowDenticula elegans
Kutzing 0.9 (0.5) 1.7 (0.5) 0.9(0.5) 0.2(0.2) 0.9 (0.4) 0062}
Nitzschia dissipatgKitzing)
Grunow 0.2 (0.1) 0.2(0.1) 0.9(0.5) 1.7(1.00 1.0(0.3) 6.9)1
Nitzschia kutzingian Hilse 0.C(0.0) 0.c(0.0) 0.2(0.2) 0.Cc(0.0, 0.1(0.1) 0.2(0.2
Nitzschia linearis(Agardh) W.
Smith 0.0 (0.0) 0.4 (0.3) 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.2(0.2)
Nitzschia microcephal Grunow 0.C(0.0) 0.1(0.1) 0.c(0.00 0.c(0.00 0.c(0.00 0.C(0.0
Nitzschia paleaKitzing) W.
Smitt 0.1 (0.1) 09(0.3) 1.1(0.3) 0.7(0.2) 1.3(0.3) 2.1(0.3)
Nitzschiasp. 2 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.1(0.1) o0.@)0.
Nitzschiasp. ¢ 0.C(0.0) 0.1(0.1) 0.Cc(0.0) 0.c(0.0, 0.c(0.0) 0.2(0.1)
Nitzschia tubicole Grunow 0.C(0.0) 0.c(0.0) 0.c(0.0) 0.c(0.00 0.1(0.1) o0.C(0.0)
Pinnularia sp. 1 0.0 (0.0) 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0 (0.0) 0.m)0.
Planothidium frequentissimum
(Lange-Bertalot) Round & L.
Bukhtiyarovi 0.3 (0.2) 0.2(0.2) 0.0(0.0)0 0.0(0.00 0.4 (0.2) 0.3(0.2)
Planothidium lanceolatum
(Brébisson ex Kiitzing) Lange-
Bertalo 0.0 (0.0) 0.3(0.2) 0.0(0.0)0 0.3(0.3) 0.3(0.2) 0.5(0.3)
Pleurosira laevis(Ehrenberc 0.C (0.0) 0.c(0.0) 0.C(0.0) 0.c(0.00 0.c(0.00 0.C(0.0)
Reimeria sinuatg Gregory)
Kociolek & Stoerme 0.3(0.2) 0.1(0.1) 0.2(0.2) 09(0.9 0.3(0.3) 0.2(0.2
Rhoicosphenia curvatéitzing)
Grunow 48 (1.3) 8.7(0.6) 6.3(1.0) 85(0.6) 3.8(1.1) 3.5(0.6)
Staurosira vente(Ehrenberg) H.
Kobayas 0.5(0.2) 0.5(0.5) 0.0(0.0)0 0.2(0.2) 0.2(0.2) 0.1(0.2)
Staurosirella leptostauro
(Ehrenberg) D.M. Williams &
Rounc 0.2 (0.2) 0.1(0.1) 1.2(0.9) 0.0(0.0) 0.8(0.4) 0.6(0.3)
Surirella brightwellii W. Smith 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0(0.0).1.2)
Surirella ovalis Brébissor 0.C(0.0) 0.C(0.00 0.2(0.3) 0.c(0.00 0.c(0.00 0.£(0.1)
Synedra acu Kiitzing 0.C(0.0) 0.2(0.1) 0.C(0.0) 0.c(0.00 0.c(0.00 0.c(0.0)
Synedra affinisKitzing 0.3(0.3) 0.2(0.2) 0.2(0.2) 0.0(0.0) 0.0 (0.0) 00O}
Synedra amphicephalear.
austriaca (Grunow) Hustedt 0.0(0.00 0.1(0.1) 0.0(0.00 0.0(0.00 @2 0.6(0.9
Synedra fasciculatg§Agardh)
Kitzing 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.2 (0.1) 00O}
Synedra mazamaen: Sovereig| 0.1(0.1) 0.C(0.0) 0.C(0.0) 0.c(0.0) 0.2(0.2) 0.C(0.0)
Synedresp. ] 0.4(0.2) 1.7(0.4) 0.£(0.3) 0.2(0.3) 0.2(0.3) 0.C(0.0)
Synedra uln¢(Nitzsch)
Ehrenberg 1.3(0.5) 3.9(0.4) 1.7(0.3) 1.4(0.9) 1.2(0.5) 1.5(0.1)
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Appendix 17. Mean percent abundances (SE) of &galin epilithic algal assemblages at each sitand

January 2007.

Taxon RM 0O RM 30 RM 62 RM 127 RM 165 RM 225
Achnanthes lanceolatsar.
omissaReime 0.0(0.0) 0.1(0.1) 0.0(.0) 0.0(.00 0.0(.00 0.0(.0

Achnanthes microcephala
(Kutzing) GrunowAchnanthes
minutissimaKitzing
Amphora pediculugKitzing)
Grunow ex A. Schmidt
Amphora perpusilla(Grunow)
Grunow

Anabaen sp. !

Anabaen sp. :

Caloneis bacillum(Grunow)
Cleve

Cladophora fracta(O.F. Muller
ex Vahl) Kiitzing

Cladophora glomerata
(Linnaeus) Kiitzin

Cocconeis neodiminuiKramme

Cocconeis pediculugEhrenberg
Cocconeis placentulaar.
euglypta (Ehrenberg) Grunow
Cocconeis placentulaar.
lineate (Ehrenberg) van Heur
Coscinodiscu: sp. 1

Cyclotella comta(Ehrenberg)
Kutzing

Cyclotella meneghinianKiitzing
Cyclotella ocellat: sp. :
Cymbella affini Kitzing

Cymbella amphicepha Néaegel
Cymbella mexicandEhrenberg)
Cleve

Cymbella mexicanap. 1
Cymbella microcephalaar.
crass: Reime

Cymbella proximaR.M. Patrick
&

Cymbellasp. 1

Diatoma hiemalevar. mesodon
(Ehrenberg) Grunow

Diatoma moniliformi Kitzing
Diatoma sp. ]

Diatome sp. -

42.3(6.3) 5.6 (2.6) 2.3(0.6) 27.6(7.0) 21.6 (191.5 (5.3)

0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0J0 0.0 (0.0) 0.0 (0.0)

3.3 (0.6) 33.8 (15.8) 72.6 (13.4) 3.6 (1.6) 25.3 (15.0) 3.B)3
0.1(0.1) 0.2(0.3) 0.7(0.3) 15(0.8) 2.1(15) 2.1(1.3)
0.(0.0) 0. (0.0) 0.0(0.0) 0.1(0.1) 0.C(0.0) 0.C(0.0)

0.0 (0.0) 0.0 (0.0) 0.3(0.1) 0.0(0.0) 0.0 (0.0) 0.0 (0.0)

0.1(0.1) 0.8(0.8) 0.1(0.1) 0.0(0.0) 0.0 (0.0) 0.0 (0.0)

0.3 (0.2) 0.0 (0.0)
0.1(0.1) 0.C (0.0)
1.6 (0.4) 1.1 (0.5)

0.1 (0.1)
0.0 (0.0)
0.5 (0.3)

0.3(0.3) 0.0(0.0) 2.8 (2.8)
0. (0.0) 0.C(0.0) 0.C(0.0)
1.3(0.3) 0.7 (0.7) 0 (6.0)

0.7 (0.2) 2.9(0.6) 05 (0.1) 0.2(0.1.3(0.2) 9.5 (7.2)

0.3 (0.1) 0.0 (0.0)
0.C (0.0) 0.C (0.0)

0.0 (0.0)
0.0 (0.0)

0.4 (0.4)
0.C (0.0)

0.0 (0.0)
0.2 (0.2)

0.0 (0.0)
0.C (0.0)

0.1 (0.1) 0.0 (0.0)
0.C (0.0) 0.C (0.0)
0.C (0.0) 0.C (0.0)
0.4(0.2) 0.C (0.0)
0.1(0.1) 0.C (0.0)

0.0 (0.0)
0.0 (0.0)
0.0 (0.0)
2.8 (2.3)
0.0 (0.0)

0.0 (0.0)
0.C (0.0)
0.C (0.0)
2.C(0.7)
0.C (0.0)

0.0 (0.0)
0.C (0.0)
0.C (0.0)
0.1(0.1)
0.C (0.0)

00009
1.C (0.1)
0.2 (0.2)
1.6 (0.5)
0.C (0.0)

0.4 (0.1) 0.0 (0.0)
0.0 (0.0) 0.0 (0.0)

0.0 (0.0)
0.0 (0.0)

0.0 (0.0)
0.0 (0.0)

0.0 (0.0)
0.4 (0.4)

0.0 (0.0)
0.m)0

0.7 (0.2) 0.0(0.0) 02 (0.2) 1.0(0.6) 0.1(0.1) 0.0 (0.0)

0.0 (0.0) 0.4 (0.4)
1.2 (0.6) 0.0 (0.0)

0.1 (0.1)
0.0 (0.0)

0.0 (0.0)
0.0 (0.0)

0.0 (0.0)
0.0 (0.0)

0.0 (0.0)
0.0Y0.

0.0 (0.0) 0.0 (0.0)
3.£(3.0) 0.1(0.1)
0.£(0.7) 0.2(0.3)
0.C (0.0) 0.C (0.0)

0.0 (0.0)
0.2(0.2) 3.2(1.0)
0.1(0.1) 1.€(0.8)
0.0(0.0) 0.2(0.3)

0.1 (0.1).0 @.0)
0.2 (0.2)
0.2 (0.2)
0.1(0.1)

0.0 (0.0)
4.8 (3.1)
0.2 (0.2)
0.C (0.0)
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Taxor RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Diatoma tenuevar. elongatum
Lyngbye 0.7 (0.7) 0.0 (0.0) 0.0(.0) 0.0(0.0) 0.0(0.00 0.0(0.0)
Diatoma vulgar Bory 42(24) 0.C(0.00 03(.2 0.1(0.1 o0.(.00 o0.c(0.0
Diatoma vulgarevar. linearis
Grunow 0.1 (0.1) 0.0(0.0) 0.0(.0) 1.2(1.2) 0.0(0.00 0.0(0.0)
Ellerbeckia arenaria(Moore)
R.M. Crawford 21(1.9) 131(2.2) 0.8(0.4) 0.5(0.2) 10.6 (5.6) 3.6(3.2)
Encyonema auerswaldii
Rabenhor: 0.1 (0.1) 0.0(0.0) 05(.4) 0.1(0.1) 0.0(.00 0.0(0.0)
Encyonema minutur(Hilse in
Rabenhorst) D.G. Mann 0.1(0.1) 0.0(0.0) 0.0(.0) (00O 0.0(.00 0.0(.0

Encyonema prostratrum
(Berkeley) Kitzing
Fragilaria capucine var.
vaucheriae(Kitzing) Lange-
Bertalo

Fragilaria crotonensi Kitton
Fragilaria sp.

Fragilaria sp. -

Fragilaria sp. 4
Gomphonema clavat. Ehrenber
Gomphonema intracatum
Kutzing

Gomphonema olivaceum
(Hornemann) Brébiss:
Gomphonema olivaceuwar.
calcarea Cleve
Gomphonema parvulum
(Kutzing) Kitzing
Gomphonerr sp. :

Gomphonerr sp. ¢
Gomphonema truncatum
Ehrenber

Green algae zoospo

Gyrosigma attenua sp. :
Gyrosigma eximiun{Thwaites)
Van Heurck

Gyrosigma spence et varietie
Karayevia cleve (Grunow in
Cleve & Grunow) Round &
Bukhtiyarovze

Martyana martyi(Héribaud) F.E
Rounc

Melosira variansC. Agardh

Navicula cryptocepha Kiitzing
Navicula cryptonellaLange-
Bertalo

0.3 (0.1) 18.4 (7.3) 1.7 (0.5) 0.110. 3.4 (2.2) 11.8 (11.8)
0.1 (0.1) 0.0(0.0) 0.0 (0.0) 0.3(0.3) 0.0(0.0) 0.6 (0.6)
0.4(0.2) 0. (0.0) 0.0(0.0) 0.C(0.0) 0.C(0.0) 0.C(0.0)
0.1(0.1) 0.C(0.0) 0.0(0.0) 0.C(0.0) 0.C(0.0) 0.C(0.0)
0.2(0.1) 0. (0.0) 0.0(0.0) 0.(0.0) 0.C(0.0) 0.C(0.0)
7.7 (5.7) 0.0(0.0) 0.0 (0.0) 0.0(0.0) 0.0 (0.0) 0.m)O.
3.2(2.2) 0. (0.0) 0.8(0.8) 1.8(0.9) 0.2(0.3) 0.C(0.0)
0.0 (0.0) 0.0 (0.0) 0.1(0.1) 0.0(0.0) 0.2(0.2) 0.2 (0.2)
3.6 (1.8) 0.0(0.0) 25 (21) 52(0.9) 0.9 (0.9 0.0(0.0)
0.1(0.1) 0.0(0.0) 02(0.2) 4.6(4.6) 0.1(0.1) 0.MO
0.0 (0.0) 0.0 (0.0) 05 (0.5) 0.3(0.3) 0.2(0.2) 0.0 (0.0)
0.2(0.2) 0. (0.0) 0.0(0.0) 0.7(0.3) 0.2(0.3) 0.€(0.6)
0.(0.0) 0.C(0.0) 0.0(0.0) 0.£(0.9) 0.2(0.2) 0.C(0.0)
0.1 (0.1) 0.0(0.0) 0.0 (0.0) 0.3(0.3) 0.2(0.2) 0.0 (0.0)
0.(0.0) 0.2(0.2) 1.6(0.5) 0.C(0.0) 3.6(3.2) 13.F(13.5
0.(0.0) 0.E(0.5) 0.0(0.0) 0.C(0.0) 0.C(0.0) 0.C(0.0)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0(0.0) 0.2 (0.20.0 (0.0)
0.(0.0) 0.C(0.0) 0.0(0.0) 0.2(0.2) 2.2(1.4) 0.C(0.0)
0.1 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0(0.0) 0.0 (0.0) 0.0 (0.0)
0.4 (0.1) 0.0 (0.0) 0.0 (0.0) 0.5(0.4) 0.0 (0.0) 0.0 (0.0)
0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0(0.0) 0.0(0.0).4®.4)
0.(0.0) 0.2(0.3) 0.0(0.0) 0.C(0.0) 0.C(0.0) 0.C(0.0)
0.8 (0.6) 0.2(0.2) 25(0.9) 7.6(3.6) 0.3(0.3) 0.6 (0.6)
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Taxor RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Navicula mutice Kiitzing 0.C(0.0) 0.Cc(0.0) 0.0(0.0) 0.c(0.0) 0.2(0.2) 0.C(0.0)
Navicula radios: Kitzing 0.C(0.0) 0.Cc(0.0) 0.2(0.2) 0.c(0.0) 0.c(0.0) 0.C(0.0)
Navicule sp. : 0.C(0.0) 0.c(0.0) 0.0(0.0) 0.7(0.7) 0.c(0.0) 0.C(0.0
Navicula sp. 2 0.0 (0.0) 0.0(0.0) 0.0(.0) 0.0(.0) 0.1(0.1) o0.m@)0
Navicula tripunctata(O.F.
Miller) Bory 0.0 (0.0) 0.6(0.1) 12(0.4) 25(1.2) 1.5(1.2 0.0(0.0)
Navicula venet Kitzing 0.1(0.1) 0C(©.0 01(.1) 21(11) 0.1(.1) o0.c(0.0
Navicula viridule sp. ! 0.C(0.0) 0.Cc(0.0) 0.1(0.1) 0.c(0.0) 0.c(0.0) O0.C(0.0)
Nitzschia brevissima&runow 0.0 (0.0) 0.0 (0.0) 0.0(.0) 0.0(.0) 0.4 (0.4) @)
Nitzschia capitellat Hustedi 0.(0.0) 0.(0.00 0.0(0.00 0€(©.00 0.1(.1) o0.c(0.0
Nitzschia denticul:
GrunowDenticula elegans
Kutzing 45(23) 0.0(.00 0.2(.2) 0.4(0.3) 0.0(.00 00s6)
Nitzschia dissipatgKiitzing)
Grunow 0.0 (0.0) 0.0 (0.0) 0.0(0.0) 10.8(3.5) 4.6 (2.6) D)
Nitzschia fonticola(Grunow)
Grunow 0.0 (0.0) 0.0(0.0) 0.0(.0) 1.0(0.8) 3.0(3.00 0.4(0.4)
Nitzschia kutzingiar Hilse 0.C(0.0) 0.E(0.5) 0.0(0.00 0.E(0.0) 0.7(0.7) 0.4(0.4
Nitzschia palea(Kutzing) W.
Smitk 0.1 (0.1) 0.0(0.0) 0.0(.0) 4.8(19) 0.4 (0.4) 0.0(0.0
Nitzschie sp. ¢ 0.C(0.0) 0.c(0.0) 0.0(0.0) 0.2(0.2) 0.c(0.0) 0.C(0.0
Pinnularia sp. 1 0.1 (0.1) 0.0(0.0) 0.0(.0) 0.0(0.0) 0.0(0.00 O0.@)0.
Pinnularia sp. : 0.C(0.0) 0.1(0.1) 0.0(0.0) 0.C(0.0) 0.c(0.0) O0.C(0.0)
Pinnularia sp. : 0.C(0.0) 0.2(0.3) 0.0(0.0) 0.c(0.0) 0.c(0.0) 0.C(0.0
Planothidium frequentissimum
(Lange-Bertalot) Round & L.
Bukhtiyarove 0.1 (0.1) 0.0(0.0) 0.1(0.1) 0.0(0.0) 0.0(0.00 0.0(0.0)
Planothidium lanceolatum
(Brébisson ex Kutzing) Lange-
Bertalo 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.00 0.0(0.0)
Reimeria sinuata(Gregory)
Kociolek & Stoerme 0.1(0.1) 19.2(7.4) 2.4(0.9) 23(2.3) 134 (59) 13.3(Q1.1
Rhoicosphenia curvatéKitzing)
Grunow 49 (14) 0.7(05) 36(1.7) 6.6(28) 1.4(0.9 2.0(0.3
Staurosira vente(Ehrenberg) H.
Kobayas 1.0 (0.5) 0.0(0.0) 0.0(0.0)0 0.0(0.0)0 0.0(.0) 0.0(0.0
Staurosirella leptostauro
(Ehrenberg) D.M. Williams &
Round 0.1 (0.1) 0.0(0.0) 0.0(.0) 0.0(.0) 0.0(.0) o0.@)0.
Synedra act Kitzing 2.2(1.3) 0.(0.00 0.0(.00 01(01) 0.c(0.0) o0.C(0.0
Synedra amphicephalear.
austriace (Grunow) Hustec 0.1(0.1) 0.0(0.0) 0.0(0.0) 0.0(.00 0.0(.00 0.0(0.0
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Taxor RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Synedra fasciculatgAgardh)
Kutzing 1.1 (0.5) 0.0(0.0) 0.0(.00 0.0(.00 0.2(0.2) 0.6(0.6)
Synedra mazamaen Sovereig 0.2(0.1) 0.C(0.00 0.0(0.00 0.(0.00 0.c(0.00 o0.C(0.0
Synedresp. ! 0.C(0.0) 0.2(0.3) 0.0(0.0) 0.2(0.1) 0.2(0.2) 0.€(0.6)
Synedri sp. : 0.€ (0.5) 0.C(0.0) 0.0(0.0) 0.c(0.0) 0.c(0.0) 0.2(0.2
Synedra uln (Nitzsch)
Ehrenberg 4.2 (0.7) 0.0(0.0) 0.4(0.4) 0.1(0.1) 0.0(0.0) 0.0(0.0)
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Appendix 18. Mean percent abundances (SE) of &galin epicremnic algal assemblages at eacldsitag

January 2007.

Taxon RM 0 RM 30 RM62 RM127 RM165 RM 225
Achnanthes lanceolatsar.
omissaReimer 0.0 (0.0) 0.0(0.0)0 0.0(0.0) 0.0(0.0) 1.0 (N/A) 0.0010
Achnanthes microcephala
(Katzing) GrunowAchnanthes
minutissimaKiitzing 271 (14.7) 7.7 (3.8) 2.6 (2.6) 2.2(0.8) 8.6 (N/A).112.0)
Achnanthes sublaevigar.crassa
C.W. Reimer 0.2 (0.2) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/AD.0 (0.0)
Amphora pediculugKiitzing)
Grunow ex A. Schmidt 0.6 (0.5) 0.0(0.0) 0.0(0.0) 0.0J00.5(N/A) 0.0 (0.0)
Amphora perpusillaGrunow)
Grunow 6.1 (3.2) 2.6(0.7) 11.6 (6.3) 0.9 (0.9) 2.0 (N/A) Q0)
Brachysira vitrea(Grunow) R.
Ross 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(N/A) 0.0)0.0
Cocconeis pediculuEhrenberg 5.1 (2.6) 0.0(0.0) 3.1(0.5) 2.8(1.1) 2.0 (N/A)O (@0.0)
Cocconeis placentulaar.
euglypta (Ehrenberg) Grunow 3.8(23) 0.8(0.8) 0.4 (0.4 23(16H (N/A) 1313
Cocconeis placentulaar.
lineata (Ehrenberg) van Heurck 0.1 (0.1) 0.0(0.00 0.0(0.0)0 ©@O) 0.0 (N/A) 0.0 (0.0)
Coscinodiscussp. 1 0.0 (0.0) 0.0(0.0)0 0.0(0.0) 0.6 (0.6) 0.0 (N/A) 0.0010.
Cyclotella comta(Ehrenberg)
Kutzing 0.2 (0.2) 0.0(0.0) 0.0(0.0) 0.9 (0.6) 0.0 (N/A) 0@
Cymbella affinisKiitzing 1.1 (1.0) 0.0(0.0) 2.2(2.2) 3.1(1.4) 0.5 (N/A) 900.9
Cymbella angustatgw. Smith)
Cleve 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0 (0.0) 0.5 (N/A) 0.00]0.
Cymbella lunataw. Smith 0.7 (0.4) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 0@0.0)
Cymbella mexicangdEhrenberg)
Cleve 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0 (N/A) 5.03}2.
Cymbella mexicanap. 1 0.0 (0.0) 0.0(0.00 0.0(0.0) 0.0(.0) 0.0 (N/A) 1.3312
Cymbella microcephalaar.
crassaReimer 0.1(0.1) 1.0(1.00 0.0(0.0)0 0.1(0.1) 0.5 (N/A) 0000h
Cymbella minutavar.silesiaca
(Bleisch) Reimer 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.0 (0.0) MBA) 0.0 (0.0)
Cymbella mulleriHustedt 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) @)
Cymbella norvegicasp.1 23(1.8) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 0.0010.
Cymbellasp. 1 0.2 (0.2) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 0.00f0.
Cymbellasp. 2 2.4 (24) 0.0(0.0)0 0.0(0.0) 0.0(0.0) 0.0 (N/A) o0.0010
Diatoma hiemalevar. mesodon
(Ehrenberg) Grunow 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.4 (0.4p @V/A) 0.0 (0.0
Diatoma moniliformisKitzing 0.7 (0.5 41(4.1) 0.0(.0) 3.0(1.5 4.0(NA 2Z7)
Diatomasp. 1 0.2(0.2) 25(25) 0.0(0.00 1.4(1.4) 6.6 (N/A) 0.00§0.
Diatoma sp. 2 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.3(0.3) 0.0 (N/A) 0.00§0
Diatoma vulgareBory 05(0.3) 41(4.1) 09(.9 15(@5) 1.5(N/A) 2.77R.

Ellerbeckia arenaria(Moore)
R.M. Crawford

14.8 (11.5) 41.0 (14.8) 16.7 (9.6)

12.2 J2.3.5 (N/A) 30.9 (7.2)
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Taxon RM 0 RM 30 RM62 RM127 RM165 RM 225
Encyonema auerswaldii
Rabenhorst 0.0 (0.0) 6.6(6.6) 0.0(0.0) 0.4 (0.4) 1.0 (N/A).0 @.0)
Encyonema prostratrum
(Berkeley) Kutzing 0.0 (0.0) 29(29) 22(04) 34 (2.0.0(NA) 2.6 (2.6)
Fragilaria brevistriata var.
inflata (Pantocsek) Hustedt 0.2(0.2) 0.0(0.00 0.0(0.0) 0.1)(0QO (N/A) 0.0 (0.0)

Fragilaria capucinz var.
vaucheriae(Kutzing) Lange-

Bertalot 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 1.5 (N/A) @mO)

Fragilaria crotonensisKitton 0.2(0.2) 0.0(0.00 0.0(0.0) 0.3(0.3) 0.0(N/A 000

Fragilaria sp. 2 1.1 (1.1) 0.0(0.0) 0.0(0.00 0.8(0.8) 0.0 (N/A) 0.00}0
Fragilaria sp. 4 16.2 (6.3) 0.0 (0.0) 0.0 (0.0) 1.3 (1.3) 4.0 (N/A) 111B.p)
Frustulia vulgaris (Thwaites) De

Toni 0.0 (0.0) 0.0(0.0) 0.4(0.4) 1.3(1.0) 0.0 (N/A) 0.0Qp.
Gomphonema clavatum

Ehrenberg 0.1 (0.1) 0.0(0.0) 2.2(2.2) 0.0(0.0) 1.0 (N/A)O @.0)

Gomphonema olivaceum

(Hornemann) Brébisson 0.0 (0.0) 0.0(0.00 1.8(1.8) 0.0)00.5(N/A) 0.0(0.0
Gomphonema olivaceunar.

calcarea Cleve 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 2.66)2
Gomphonema parvulum

(Kutzing) Kutzing 0.0 (0.0) 0.0(0.0) 0.9(0.9) 0.0(0.0)0QN/A) 0.0 (0.0)
Gomphonema truncatum

Ehrenberg 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A)O @.0)

Green algae zoospores 0.0 (0.0) 0.0(0.0) 39.8(5.00 00) (@.0 (N/A) 9.1 (9.1)
Gyrosigma attenuatap. 1 0.0 (0.0) 0.0(0.00 0.0(0.0) 0.4 (0.4) 0.0(N/A) 0.0010
Gyrosigma eximiun{Thwaites)

Van Heurck 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 1.0 (N/AD.0 (0.0)

Gyrosigma spenceriet varieties 0.0 (0.0) 0.0(0.00 0.0(0.0) 1.7 (0.6) 0.54N/ 0.0 (0.0)
Hantzschia amphioxys

(Ehrenberg) Grunow 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.4 (0@p (N/A) 0.0(0.0
Martyana martyi(Héribaud) F.E

Round 5.2(2.5) 0.0(0.0)0 0.0(0.0) 1.0(0.5) 1.0 (N/A) 1.8j1.
Melosira variansC. Agardh 0.0 (0.0) 0.0(0.00 0.0(0.0) 0.0(0.0) 3.0 (N/A).000.0)

Navicula cryptocephal&itzing 0.2 (0.2) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 000.0)
Navicula cryptonellaLange-

Bertalot 0.6 (0.4) 1.0(1.0) 0.0(0.0) 2.7 (2.7) 6.6 (N/A) @W®O)
Navicula muticaKitzing 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 1.0 (N/A) O0@Q)
Navicula muticavar.cohnii

(Hilse) Grunow 0.0 (0.0) 0.0(0.0) 0.4 (0.4) 0.0(0.0) 0.0AN 0.0 (0.0)
Navicula radiosaKitzing 0.1 (0.1) 0.0(0.00 0.0(0.0) 0.5(0.2) 0.0 (N/A) .0Q0.0)
Navicula tripunctata(O.F.

Miller) Bory 0.0 (0.0) 0.0 (0.0) 3.1(2.2) 14.5(0.0) 9.1 A/ 0.0 (0.0)
Navicula venetaKitzing 0.0(0.0) 0.0(0.00 1.3(1.3) 0.3(0.3) 0.0 (N/A) 0Q0.0)

Navicula viridula (Kitzing)
Kutzing 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(N/A) 1RJ
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Taxon RM 0 RM 30 RM62 RM127 RM165 RM 225
Navicula viridula sp. 1 0.1(0.1) 0.0(0.0)0 0.0(0.0) 0.1(0.1) 1.0(N/A) 0.0010
Nitzschia amphibiaGrunow 0.3(0.3) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 0O
Nitzschia brevissima&runow 0.0 (0.0) 0.0(0.00 0.0(0.0) 0.6(0.6) 0.0 (N/A) 0@OQY
Nitzschia capitellataHustedt 0.7 (0.7) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 0.0

Nitzschia denticuli
GrunowDenticula elegans

Kitzing 22 (0.6) 25(25) 04(0.4) 0.7(0.1) 05(NA) O0@Q@

Nitzschia dissipatgKiitzing)

Grunow 0.0 (0.0) 1.8(0.1) 1.3(1.3) 8.7(8.7) 8.1 (N/A) 0.000
Nitzschia fonticola(Grunow)

Grunow 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 2.5 (N/A) 0.000
Nitzschia kutzingiandilse 0.0 (0.0) 0.0(0.00 0.0(0.0) 5.1(2.0) 9.1 (N/A) 0.00p0
Nitzschia linearis(Agardh) W.

Smith 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 1.5 (N/A) 0.000
Nitzschia palea(Kitzing) W.

Smith 0.0 (0.0) 0.0(0.0)0 0.0(0.0) 4.5(3.7) 2.0 (N/A) 0.000.
Nitzschiasp. 2 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 1.0 (N/A) 0.0010
Pinnularia sp. 1 0.2 (0.1) 11.5(11.5) 0.0 (0.0) 0.0 (0.0) 0.0 (N/A) QOO

Planothidium frequentissimum
(Lange-Bertalot) Round & L.

Bukhtiyarova 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.1(0.1) 0.5 (IN/A0.0 (0.0)
Planothidium lanceolatur

(Brébisson ex Kitzing) Lange-

Bertalot 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.1(0.1) 0.0 (N/A) @@mO)
Reimeria sinuata(Gregory)

Kociolek & Stoermer 0.0(0.0) 1919 22(2.2) 2.1(§1.8.0(N/A) 0.9 (0.9
Rhoicosphenia curvatéKiitzing)

Grunow 1.1(0.5) 08(0.8) 4949 18 (1.0) 2.5(N/A) 5.03)2
Staurosira vente{Ehrenberg) H.

Kobayasi 0.8(0.8) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0 (N/A) @O0)

Staurosirella leptostauro
(Ehrenberg) D.M. Williams &

Round 0.4 (0.4) 0.0(0.0) 0.0(0.0) 0.8(0.8) 0.0 (N/A) 0.0010.
Surirella ovalis Brébisson 0.0 (0.0) 0.0(0.00 0.0(0.0) 0.3(0.3) 0.0 (N/A).0 ©.0)
Synedra acuKiitzing 0.7 (0.5) 0.8(0.8) 0.0(0.0) 0.0(0.0) 0.0 (N/A) QqmoO)
Synedra fasciculatgAgardh)

Kitzing 0.1 (0.1) 25(.5) 0.0(0.0)0 0.1(0.1) 0.5 (NA) O0@Q@
Synedra mazamaensBovereign 0.0 (0.0) 0.8(0.8) 0.0(0.0) 0.0(0.0)0 0.0 (N/A).0 ©.0)
Synedrasp. 1 0.0 (0.0) 16(1.6) 0.0(0.0) 0.0(0.0) 0.0 (N/A) 3.571.
Synedrasp. 2 0.4 (0.4) 0.0(0.0) 0.0(0.0) 0.1(0.1) 0.0 (N/A) 0.0010

Synedra uln (Nitzsch)
Ehrenberg 1.8(06) 16(1.6) 1.3(1.3) 13.6 (8.5) 8.1 (N/A) 6.6 (6.6)
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Appendix 19. Mean percent abundances (SE) of tdga inSimulium arcticundiets at each site durir
January 2007.

Taxon RM 0 RM 30 RM 62 RM 127 RM 165 RM 225

Achnanthes microcepha
(Kltzing) GrunowAchnanthes

minutissimaKitzing 5.0 (0.3) 16.7 (1.4) 26.7 (0.8) 18.4 (1.5) 11.1 (2.18.6 (4.3)
Amphora pediculugKitzing)

Grunow ex A. Schmidt 0.1 (0.1) 0.2(0.2) 0.1(0.1) 0.11§0 0.0 (0.0) 0.0(0.0)
Amphora perpusilla(Grunow)

Grunow 15(0.2) 1.2(0.3) 50(23) 33(1.1) 2405 DB
Aneumastus tusculéEhrenberg)

D.G. Mann & A.J. Stickle 0.0 (0.0) 0.0 (0.0)0 0.0(0.00 @u1) 0.0(0.0) 0.0(0.0)

Bacillaria paradoxaJ.F. Gmelin 0.0 (0.0) 0.0(0.0) 0.4 (.4 0.0(0.0) 0.0Y)0.00.0 (0.0
Brachysira vitrea(Grunow) R.

Ross 1.0(0.5 0.0(0.00 0.0(0.0)0 0.0(0.00 0.1(0.1) 0.2)0.2
Cavinula cocconeiformi

(Gregory ex Greville) D.G. Mann

& A.J. Stickle 0.0 (0.0) 0.0(0.0) 0.1(0.1) 0.0(0.0) O0.000 0.0(0.0)
Cladophora glomerata

(Linnaeus) Kutzing 0.0(.00 03(0.2) 0.1(.1) 01(0.1).300.2 0.2(.2
Cocconeis neodiminut&rammer 0.0(0.0) 04(0.2) 03(.2 02(.1) 022 @2
Cocconeis pediculuEhrenberg 4.7 (0.7) 141 (25) 9.9(2.2) 9.0(1.0) 14.8 (1.0).7 (1.2)
Cocconeis placentulaar.

euglypta (Ehrenberg) Grunow 25(0.4) 3.0(0.8) 59(23) 39158012 3.2(.5
Cocconeis placentulaar.

lineata (Ehrenberg) van Heurck 04 (04) 18(0.7) 29(1.6) 1.6)0 28 (0.5 0.6(0.4)
Coscinodiscussp. 1 0.1 (0.1) 0.0(0.0) 0.4(0.4) 0.0(0.0) 0.0(.00 0.2
Craticula accomodaHustedt)

D.G. Mann 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.2(0.2) 0@®.0)
Cyclotella comta(Ehrenberg)

Kitzing 21(0.4) 12(@©6) 0.2(.2) 06(0.1) 0.2(0.1) o0083)
Cyclotella meneghinian&tzing 0.0(0.0)0 0.0(0.0) 02(.2) 10(0.1) 1.6(0.3) 0000h
Cyclotellasp. 1 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(.00 O0.@)0.
Cymbella affinisKitzing 0.0(0.00 0.2(0.2) 0.7(.2) 06(.1) 04(0.2 2.2
Cymbella amphicephaldlaegeli 0.0(0.0) 01(.1) 00O 01(.1) 0.2(.1) @3)
Cymbella cymbiformivar.

nonpunctataFontell 0.0(0.0) 01(.1) 00(.0) 0.1(0.1) 0.0(.00 @O
Cymbella mexicangdEhrenberg)

Cleve 0.2 (0.1) 0.5(0.1) 0.0(0.0) 0.0(.0) 0.2(0.2) o0.2)0.
Cymbella microcephalaar.

crassaReimer 05(0.2) 0.6(0.3) 05(0.3) 0.7(05) 09 (05 @D
Cymbellasp. 1 0.2 (0.2) 0.1(0.1) 0.0(0.0) 0.1(0.1) 0.0(.0) o0.2)Y0
Diatoma hiemalevar. mesodon

(Ehrenberg) Grunow 0.0 (0.0) 0.1(0.1) 0.0(0.0) 0.0(0.0)2 @.1) 0.0(0.0)
Diatoma moniliformisKuitzing 3.1(0.4) 7.2(0.9 32(10) 7.2(@16) 3.7(0.9 1106)
Diatoma sp. 1 1.1 (0.3) 5.7(0.8) 3.7(0.7) 11.0(0.6) 7.8(0.4) e

Diatoma sp. 2 0.3(0.1) 01(0.1) 0.2(0.2) 20(06) 09(0.1) 0.5)0
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Taxon RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Diatoma tenuevar. elongatum
Lyngbye 0.2(0.2) 05(0.4) 03(.3) 0.1(0.1) 0.3(.2 @y
Diatoma vulgareBory 89(1.6) 15(0.9 05(0.5) 19 (.7) 0.9(0.3) 2.8r10.
Ellerbeckia arenaria(Moore)
R.M. Crawford 1.3(0.7) 0.2(0.2) 0.2(0.2) 0.3(0.1) 0.63j0 0.2 (0.2
Encyonema auerswaldii
Rabenhorst 0.1(0.1) 0.0(0.00 0.0(0.00 05(0.3) 0.8(0.1).1 (0.3
Encyonema minutur(Hilse in
Rabenhorst) D.G. Mann 0.0(0.0)0 0.1(0.1) 0.0(.00 (00 0.0(0.00 0.0(0.0
Encyonema prostratrum
(Berkeley) Kiitzing 0.2(0.1) 0.1(0.1) 05(.4) 0.4(0.202(0.1) 1.5(0.49)
Entomoneis alatg Ehrenberg)
Ehrenberg 0.0 (0.0) 0.0(0.0)0 0.2(.2) 0.0(0.0) 0.0(0.0).0 (.0
Filamentous algae sp. 1 0.0(0.0) 0.1(0.1) 0.0(0.00 0.0( 0.0(0.0) 0.0(0.0
Fragilaria crotonensisKitton 55.8 (2.8) 15.4(5.9) 8.8(24) 4.7(0.4) 1.7 (0.5 @23
Fragilaria sp. 2 1.8(1.3) 23(1.2) 0.0(.0) 0.1(0.1) 0.2(0.2) 0.3)0
Fragilaria sp. 4 1.2(0.6) 3020 35(21) 25(1.2) 75(16) 3.9)1
Frustulia vulgaris (Thwaites) De
Toni 0.0 (0.0) 0.0(0.0)0 0.3(0.2) 0.0(0.00 0.0(.00 o0.3;3p0.
Gomphonema olivaceum
(Hornemann) Brébisson 0.0(0.0) 0.9(0.9 0.2(0.2) 1.1)0.0.6 (0.6) 0.5(0.5
Gomphonema olivaceunar.
calcarea Cleve 06(0.2) 71(59 1409 08(0.3) 0.6(0.5 23)0
Gomphonemasp. 2 0.0 (0.0) 04(04) 08(.3) 0.0(.00) 02(.1) o0.@)O
Gyrosigma eximiun{Thwaites)
Van Heurck 0.0(0.0) 0.0(0.0) 00(.0) 09(.8 0.4 (0.4p.2 (0.2
Gyrosigma spenceriét varieties 0.0 (0.0) 0.0(0.0)0 0.0(.0) 0.2(0.1) 0.1)0.10.5 (0.5
Martyana martyi(Héribaud) F.E
Round 0.1(0.1) 0.7(0.5) 03(.2) 05(0.3) 1.8(0.9 o0.m)o0.
Melosira variansC. Agardh 0.0 (0.0) 0.0(0.0) 0.0(0.0)0 0.3(0.3) 0.8(0.5.6 .3
Navicula cryptocephal&itzing 0.0(0.0)0 0.0(0.0) 00O 00@©O 0101 010
Navicula cryptonellaLange-
Bertalot 01(.1) 04(0.2 16(0.2) 08(0.1) 1.1(0.5 (&b
Navicula minimaGrunow 0.0(0.0) 0.0(.0) 0.2(.2) 0.0(0.0) 0.0(.00 o0.m)0
Navicula pupul: var.
rectangularis (W. Gregory)
Cleve & Grunov 0.0(0.0) 0.0(0.0)0 0.0(.00 0.0(0.0) 0011y 0.0(0.0
Navicula tripunctata(O.F.
Mdiller) Bory 0.1(0.1) 05(04) 04(04) 1.4(0.4) 1.2(@P.61.2(0.6)
Navicula venetaiitzing 0.0(.0)0 0.1(0.1) 00(.0 0.1(.1) 0.0(0.00 0.0
Nitzschia acicularis(Kutzing)
W. Smith 0.0(0.0) 00(.0 021 14314 0.1(.1) 0.0
Nitzschia amphibiaGrunow 0.0(0.0) 0.0(0.0) 000 0.0(.0) 0.1(.1) Y
Nitzschia apiculata(W. Gregory
Grunow 0.0 (0.0) 0.0(0.0)0 0.0(0.00 0.0(0.0) 0.4 (0.2) o0.m)0
Nitzschia austriacaHustedt 0.0 (0.0) 0.0(0.0) 0.0(.00 01(0.1) 0.0(0.00 @W)
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Taxon RM 0O RM 30 RM 62 RM 127 RM 165 RM 225
Nitzschia denticuls

GrunowDenticula elegans

Kitzing 0.1 (0.1) 0.4 (0.2) 0.0(0.0)0 0.0(.0) 0.3(0.0) @OO)
Nitzschia dissipatdKiitzing)

Grunow 0.2 (0.1) 0.2(0.1) 4.7(03) 5.0(0.2) 3910 4211
Nitzschia kutzingiandilse 0.0 (0.0) 0.0(0.0)0 0.0(0.00 0.0(0.0) 0.1(0.1) o0.00
Nitzschia linearis(Agardh) W.

Smith 0.1 (0.1) 0.1(0.1) 0.0(0.00 0.0(.0) 0.1(0.1) o0.2)0
Nitzschia sigmaKutzing) W.

Smith 0.0 (0.0) 0.0(0.00 0.0(0.0)0 0.1(0.1) 0.0(0.0) oO.m)0.
Nitzschiasp. 2 0.1 (0.1) 0.2(0.1) 0.0(0.0) 0.1(0.1) 0.0(.0) o0.3)0
Nitzschiasp. 3 0.1(0.1) 0.2(0.2) 0.4(.3) 0.2(0.2) 0.3(0.3) o0.m)0
Pinnularia sp. 1 04 (0.2) 0.1(0.1) 0.3(.3) 0.0(.0) 0.0(.00 o0.@)0

Planothidium lanceolatur
(Brébisson ex Kitzing) Lange-

Bertalot 0.0 (0.0) 0.0(0.0)0 0.0(0.00 0.1(0.1) 0.1(0.1) @E®O)
Reimeria sinuataGregory)

Kociolek & Stoermer 0.0 (0.0) 0.3(0.2) 0.2(0.2) 1.9(0.51.1(0.3) 1.4(0.5)
Rhoicosphenia curvatéKitzing)

Grunow 34(05) 75(24) 8.0(13) 9817 16.7(1.8) &)
Sellaphora pupulgKutzing)

Mereschkovsky 0.0 (0.0) 0.0(0.0) 0.0(0.0) 0.1(0.1) O0.@)0.0.4(0.2)
Staurosira venteEhrenberg) H.

Kobayasi 0.2 (0.1) 11(.5) 20(.8 13(0.6) 05(0.3) @7

Staurosirella leptostauro
(Ehrenberg) D.M. Williams &

Round 0.2 (0.2) 0.3(0.1) 0.1(0.1) 0.0(0.0) 0.0(0.00 o0.3)0.
Surirella ovalis Brébisson 0.0(0.0) 0.0(0.0) 21(.3) 0.1(0.1) 0.5(0.49.0(0.0)
Synedra acusitzing 0.0(0.0) 0.8(0.4) 04(0.4) 03(.2) 0.7(0.6) 002
Synedra capitaté&Ehrenberg 0.0(0.0)0 0.1(0.1) 0.0(.0) 0.0(0.0) 0.0(.000(@.0
Synedra delicatissimaar.

angustissimaGrunow 0.0(0.0) 0.0(.0) 00O 0.1(0.1) 0.0(.00 o0.m0
Synedra fasciculaté§Agardh)

Kitzing 0.3(0.2) 0.1(0.1) 0.0(.00 0.4(.4) 0.5(0.1) o0088)
Synedra goulardBrébisson 0.0 (0.0) 0.0(0.0)0 0.0(0.00 0.0(0.0) 0.2(0.29.0(©.0

Synedra mazamaens&overeign 0.3(0.3) 0.1(0.1) 0.2(.2) 0.0(0.00 0.0(.00.0 @0
Synedra parasiticavar.

parasitica (W. Smith) Hustedt 0.0 (0.0) 0.0 (0.0) 0.0(0.00 0.1(0.19.0 (0.0) 0.0 (0.0
Synedra ulna(Nitzsch)
Ehrenberg 1.6 (0.6) 18(0.3) 21(0.4) 22(0.1) 15(0.51 (D5

Synedra uln var.contracta
@strup 0.0 (0.0) 0.3(0.2) 0.0(0.0)0 0.1(0.1) 0.1(0.1) 0.2(0.2)
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Appendix 20. Mean percent abundances (SE) of #dgalinGammarus lacustrigliets at each site during
January 2007.

Taxon RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Achnanthes microcepha

(Kutzing) GrunowAchnanthes

minutissimaKitzing 58(0.9) 189(3.5) 7.3(5.1) 26 (1.1) 5.2(25) 8g1b)
Amphora pediculugKitzing)

Grunow ex A. Schmidt 0.1 (0.1) 0.0 (0.0) 0.0(0.00 O0.0j0 0.0(0.00 0.0(0.0)
Amphora perpusilla(Grunow)

Grunow 0.8 (0.1) 0.0(0.0) 6.3(54) 0.0(0.0) 1.3 (0.7) @@}
Brachysira vitrea(Grunow) R.

Ross 3.4(19) 0.0(.0) 0.0(.0) 0.0(.0) 0.0(.00 0.0)0.0
Cladophora glomerata

(Linnaeus) Kitzing 0.5(0.3) 0.0(0.00 21(1.1) 0.0(.0058.3 1111

Cocconeis neodiminut&rammer 0.0(0.0) 0.2(0.2) 0.0(.00 0.0(.00 000 @

Cocconeis pediculuEhrenberg 17.6 (1.0) 2.4 (0.0) 31.3 (16.9) 19.5 (6.4) 19.9)(8 5.9 (3.5)
Cocconeis placentulaar.

euglypta (Ehrenberg) Grunow 28(1.4) 27(0.8) 08(0.8) 4.4 (3.M9 (0.9 2.8 (2.3
Cocconeis placentulaar.

lineata (Ehrenberg) van Heurck 1.2(0.4) 0.0(.00 4938 0.7)(00.5(0.5) 1.2(0.7)
Coscinodiscussp. 1 0.0 (0.0) 0.0 (0.0)0 0.0(0.00 0.0(.0) 0.0(0.00 o0.4)0
Cyclotella comta(Ehrenberg)

Kutzing 0.5(0.1) 0.0(0.0) 0.8(0.8) 0.0(0.0) 0.0(0.00 0000H
Cyclotella meneghinian&utzing 0.0 (0.0) 0.0(0.0) 0.8(0.8) 0.7 (0.7) 0.0(0.00 00OOY
Cymbella affinisKiitzing 0.0 (0.0) 29(29 16(0.8) 0.0(0.0) 0.9 (0.9 00@0.0)
Cymbella cymbiformivar.

nonpunctataFontell 0.0(0.0) 0.2(0.2) 0.0(0.00 0.0(.0) 0.0(0.00 O
Cymbella mexicangEhrenberg)

Cleve 0.7 (0.3) 0.0 (0.0)0 0.0(0.0)0 0.0(.0) 0.0(.00 O0.m)0.
Cymbella microcephalaar.

crassaReimer 0.0(0.0) 29(0.5) 0.0(0.00 0.0(.00 09 (0.9 ®mmY
Cymbellasp. 1 0.3(0.3) 0.0(0.00 0.0(.0) 0.0(.0) 0.0(.00 o0.m)o
Diatoma hiemalevar. mesodon

(Ehrenberg) Grunow 0.0 (0.0) 0.0 (0.0) 0.0(0.00 0.0(0.0.0@.0) 0.8(0.8)
Diatoma moniliformisKiitzing 1.2(0.8) 31(1.7) 24(24) 0.0(0.00 0.0(.00 314
Diatoma sp. 1 1.2(0.4) 3.1(1.7) 0.8(0.8) 0.0(.0) 0.0(.00 1.8)1
Diatoma tenuevar. elongatum

Lyngbye 0.0 (0.0) 1.3(0.1) 0.0(.0) 0.7(0.7) 0.0(0.00 @Y
Diatoma vulgareBory 13.0(4.0) 18(1.8 0.0(0.0) 19(19 22(0.4) o0.8)0
Didymosphenia geminata

(Lyngbye) M. Schmidt 0.0 (0.0) 0.2 (0.2) 0.0 (0.0)0 0.0000. 0.0 (0.0) 0.0(0.0)
Ellerbeckia arenaria(Moore)

R.M. Crawford 0.1 (0.1) 0.0(0.0) 0.0(0.0)0 0.0(0.0) 0.0010 0.0 (0.0)
Encyonema auerswaldii

Rabenhorst 0.0 (0.0) 0.5(0.5) 0.3(0.3) 0.0(0.0) 0.0(0.0.9 (8.9

Encyonema minuturfHilse in
Rabenhorst) D.G. Mann 0.0 (0.0) 0.6 (0.6) 0.0(0.0) (©O0) 0.0(0.0) 0.0(0.0
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Taxor RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Encyonema prostratrum
(Berkeley) Kutzing 0.0 (0.0) 0.0 (0.0) 0.8(0.8) 0.7(0.7) 0.0(.00 0.4 (0.4
Filamentous algae sp 0.0(0.0) 05(0.5 0.(.00 0.Cc(©.00 o0.c(0.0 0.0(0.0
Fragilaria capucine var.
vaucheriae(Kitzing) Lange-
Bertalo 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(.0) 0.0(.00 0.0(0.0
Fragilaria crotonensisKitton 04(0.3) 0.0(0.00 0.(0.00 0.c(©.0 0.c(0.00 0.0(0.0
Fragilaria sp. : 4.6(4.0) 0.0(0.0) 15.1(15.1 19.4(0.9) 4.2(4.3) 13.C(6.7)
Fragilaria sp. ¢ 23.€(7.1) 24.2(29) 0.C(0.0) 15.2(15.2 24.7(12.5, 21.€(16.1
Gomphonema olivaceum
(Hornemann) Brébiss 21(0.5) 05(0.5) 00(@O0 0.0(@©0 26(26) 1.2(0.7)
Gomphonema olivaceunar.
calcarez Cleve 0.6 (0.2) 0.0 (0.0) 0.3(0.3) 0.0(.0)0 0.0(.00 0.0(0.0)
Gomphonen sp. : 0.3(0.3) 2.1(0.2) 0.c(0.0) 0.c(0.0) 0.C(0.0) 0.0(0.0)
Gyrosigma eximiun{Thwaites)
Van Heurck 0.0 (0.0) 0.6 (0.6) 2.8(2.3) 0.0(.0)0 0.0(.00 0.4 (0.4
Martyana martyi(Héribaud) F.E
Rounc 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(.00 0.0(.00 0.0(0.0)
Melosira variansC. Agardh 0.0 (0.0) 0.0(.0) 0.0(.0) 0.0(0.0) 0.0(0.0.60@a.6)
Navicula cryptocephal Kiitzing 0.0(0.0) 0.C(0.0) 0.3(0.3) 0.c(0.00 0.c(0.00 0.4(0.4
Navicula cryptonellaLange-
Bertalo 0.4 (0.3) 35(23) 9.7(86) 0.0(0.00 0.9(0.9 0.0(0.0)
Navicula rostellat. Kitzing 0.0(0.0) 0.2(0.2) 0.c(0.0) 0.c(0.0) 0.Cc(0.0) 0.0(0.0)
Navicula tripunctata(O.F.
Miiller) Bory 0.1 (0.1) 0.2(0.2) 0.8(0.8) 0.0(.00 1.7(0.9) 0.4 (0.4)
Navicula venetaitzing 0.1(0.1) 000 08(.8 19(1.9 0.0(0.00 0.0
Nitzschia denticuli
GrunowDenticula elegans
Kutzing 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(.00 0.0(.00 0.0(0.0)
Nitzschia dissipatdKitzing)
Grunow 0.0 (0.0) 1.0(1.0) 35(19) 14(14) 09(.9 33(2.2)
Nitzschia fonticola(Grunow)
Grunow 0.1 (0.1) 0.0 (0.0) 0.0(0.0) 0.0(.00 0.0(.00 0.0(0.0)
Nitzschia linearis(Agardh) W.
Smith 0.0 (0.0) 0.0(.0) 16(16) 0.0(.00 0.5(0.5 0.8(0.8)
Nitzschie sp. { 0.1(0.1) 0.0(0.00 0.c(0.0) 0.c(0.0) 0.C(0.0) 0.0(0.0)
Nitzschiasp. 9 0.0 (0.0) 0.0 (0.0) 0.3(0.3) 0.0(.0)0 0.0(.00 0.@)0
Pinnularia sp. : 0.1(0.1) 0.0(0.0) 0.6(0.8) 0.C(0.0) 0.€(0.9) 0.8(0.8)
Reimeria sinuataGregory)
Kociolek & Stoerme 0.1(0.1) 02(0.2) 00(.0 0.0(.00 0.0(.00 24(1.9
Rhoicosphenia curvatéKitzing)
Grunow 12.1 (2.0) 8.7 (4.4) 24(1.4) 125(223) 7.5(1.6) 5.8(3.0)
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Taxor RM 0 RM 30 RM 62 RM 127 RM 165 RM 225
Stauroneissp. 1 0.0 (0.0) 1.2(1.2) 0.0(.0) 0.0(.0) 0.0(.00 0.@)Y0
Staurosira venter(Ehrenberg) H.

Kobayasi 0.8 (0.5) 0.0 (0.0) 0.0(.0) 0.0(.0) 0.5(.5 @O
Surirella minutaBrébissol 0.0(0.0)0 00(0.00 0.€(0.00 1414 o0.C(@©.0 3333
Surirella ovalis Brébissor 0.0 (0.0) 0.C(0.00 0.(0.00 0.c(0.00 0.£(0.9 0.0(0.0
Synedra act Kutzing 0.2(0.2) 0.0(0.00 0.2(0.3) 0.7(0.7) 0.E(0.5 0.8(0.8)
Synedra fasciculatgAgardh)

Kutzing 0.0 (0.0) 1.4 (1.0) 0.0(0.0) 13.6 (4.9 11.4(16) 7.2 (4.9
Synedra ulna(Nitzsch)

Ehrenber 44 (1.3) 148 (19 11(0.7) 2611 8547 59(0.7)
Synedra uln var.contracta

dstrup 0.1 (0.1) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0) 0.0(0.0)
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